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DISPOSITION LIST. 

1. During the period under report- the officers of the Depart¬ 
ment were employed as follows :— 

Superintendents. 

Mr. 0. S. Mjpdlf.miss . Returned to headquarters on the 
Kith April 1912. Proceeded to 
Kashmir on the 1st of June 1912 to 
continue the geological mapping 
of I ho Trias and Carboniferous 
rocks of the Pir Panjal and the 
country 1o the north and east 
of the Srinagar valley. Returned 
to headquarters on tho 15th 
November 1912. Placed in charge 
of the Rombay, Central India 
and Rajputana party. 

Mr. E. Vredenjiu* • . Returned from leave on the 
3rd November 1912. Placed in 
charge of the Burma party and 
left for the field on the 8th December 
1912. 

Dr. L. L. Fermor . Returned to headquarters from the 
field on the. 14th March 1912. 
Proceeded to Bombay on the 
20th March 1912 to report on the 
occurrences of Iron-ore in Ratnagiri 
and Goa, and on the 22nd April 
1912 to Darjeeling for a survey 
of the hill-slopes. At headquarters 
in charge of office from 31st May to 
28th October 1912. Placed in charge 
of the Central Provinces party and 
left for the field on the 29th October 
1912. 
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Assistant Superintendents. 

Mr. F. N. Datta . . Returned from the field on the 2nd 

May 1912. Granted privilege leave 

for six weeks with effect from the 

4th Novcrabor 1912. Returned 

from leave on the 10th December 

1912. Posted to the Burma party. 

Dr. G. E. Pilgrim . Returned from leave on the 16th 

February 1912 and proceeded to 

examine the Siwalik rocks in the 

Punjab. Returned to headquarters 

on the 22nd May 1912. Appointed 

Palaeontologist- from the 1st June 

1912. Placed in charge of office 

with effect, from the 23rd November 

1912. 

Mr. (1. II. Tirvveu . At headquarters as Palaeontologist 

until 3lBt May 1912. Granted 

privilege leave for three months com¬ 

bined with furlough for three months 

with effect from the 14th June 

1912. and returned from leave on 

the 8th November 1912. Deputed 

to accompany the Karachi Extension 

Rnilwav fturve.v Partv. 
• • • 

Mr. H. Walker . . Returned to headquarters on the 

17th May 1912. Re-poeted to 

the Central Provinces party and left 

for the field on the 8th November 

1912. 

Mr. E. H. Pascof. . Returned from leave on the 23rd 

February 1912. Deputed to in¬ 

vestigate petroliferous localities in 

A ssam from 1st May to 15th May 

.. •• ». - 1912. Deputed on the 10th October 

1912 to examine the oil-bearing re¬ 

gions of the Punjab, North-West 

Frontier Province and Baluchistan. 

. b 2 
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Mr. K. A. K. Hallowes. Returned from the field on the 9th 

May 1912. Granted privilege leave 

for three months combined with study 

leave for nine months with effect 

from | the afternoon of the iBt 

August 1912. 

Mr. 0- dk I\ Cotter . Returned to headquarters from the 

field on the 23rd May 1912. Acted 

as Curator from 1st June to 4th 

November 1912. Posted to the 

Burma party and left for the field 

on the 5th November 1912. 

Mr. J. Coggin Brown . Returned to headquarters on the 

3rd April 1912. Acted as Geolo¬ 

gical Officer, Oilfields Advisory Board, 

Ycnangyaung, from 12th May to 

1st August 1912. Appointed Curator, 

Geological Museum and Laboratory, 

with effect from the 6th November 

1912. 

Mr. J. .1. A. Page . Returned to headquarters on 4th 

July 1912. Re-poBted to Burma 

in continuation of his previous 

work in connection with wolfram 

and tin in Tavoy and Mergui and left 

for the field on the 27th October 

1912. 

Mu. JI. 0. Jon eh . . Returned to headquarters on the 

24th May 1912. Deputed to inspect 

the foundations of a dam at Itarsi 

from 18th to 26th June 1912. 

Re-posted to the Bombay, Central 

India and Rajputana party and 

left for the field on the 28th October 

1912. 
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Mr. A. M. Heron 

Mr. M. Siuart . 

Mr. N. D. Daru . 

Mr. H. S. Bjon . 

Mb. C% S. Fox . 

Returned to headquarters on the 

16th May 1912. Deputed to be 

Geological Officer, Oilfields Advisory 

Board, Yenangyaung, from 14th 

July to 3rd October 1912. Re¬ 

posted to the Bombay, Central 
India and Rajputana party and 

left for the field on the 20th October 

1912. 

Services temporarily transferred (fiom 

the 18th February 1911) to the 

Madras Educational Department 

to act as Professor ol Geology 

at the Presidency College, Madras. 

Returned to headquarters on the 

8th May 1912. Granted privilege 

leave for one month with effect 

from the 13th May 1912. Returned 

from leave on the 3rd June 1912. 

Deputed to the College of Science, 

Poona, as Lecturer on Geology 

from the 5th June to 25th Septem¬ 

ber. Re-posted to the Bombay, 

Central India and Rajputana paity 

and left for the field on the 2nd 

November 1912. 

Acted as Curator, Geological Museum, 

till 31st May 1912. Accompanied 

Mr. Middlemiss for field-work in 

Kashmir on the 1st June 1912. Re¬ 

turned to headquarters on the 20th 

October 1912. Posted to the Burma 

party and left for the field on the 

5th November 1912. 

Returned to headquarters on the 

17th April 1912. Re-posted to tho 

Central Provinces party and left for 

the field on the 19th October 1912. 
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Mr. R. C. Bui.ton . Joined the Department on the 28tli 

January 1912. Attached to the 

Central Provinces party and left 

for I ho field on the 18th October 

1912. 

Client ist. 

Dk. W. A. 1\. Ciikiktik. Depulcd to the Salt Range, from 

15th January lo 10th March 1912, 

in connection with an investigation 

into the quality and value of the 

potash salts in tlio Khewra Mines. 

Snb-.l 88 infants. 

8. Sf.tiiu Rama Rau . Returned to headquarters on the 

12tli May 1912. Granted privilege 

leave for one month and thirteen 

days with effect from the 2nd, Sep¬ 

tember 1912. Returned from leave 

on the 15th October 1912. Attached 

to the llurtna party and left for 

the field on the 8th November 

1912. 

Mr. Vinavak Kao . Returned to headquarters on the 
1st May 1912. Granted privilege 

leave for three months with effect 

from the 2nd May 1912. Returned 

fiom leave on the 2nd August 1912. 

Attached to the Central Provinces 

party and left for the field on the 

30th October 1912. 

Assistant Curator. 

Mr. A. K. Baxkrii . Appointed on the 21st May 1912. 

At headquarters for the rest of tho 

period under report. 
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ADMINISTRATIVE CHANGES. 

2. Mr. R. 0. Burton, B.Sc., F.G.S., joined 
Appointments. the Department on the 28th January 1912. 

3. Mr. H. 8. Bion acted as Curator till 31st May 1912. 

Mr. (1. t>e P. Cotter was appointed to act as Curator from the 

1st June to 4th November 1912, vice Mr. Bion. 

Mr. J. C. Brown was appointed to act as Curator from the 

5th November 1912, vice Mr. Cotter. 

Dr. 6. E. Pilgrim was appointed Palaeontologist with effect 

from the 1st June 1912, vice Mr. Tipper on leave. 

Mr. A. K. Bankr.ii waa appointed Assistant Curator with 

effect from the 21st May 1912. 

4. Mr. P. N. I)atta, Assistant Superintendent, was appointed 

to officiate as Superintendent, vice Mr. G. H. 
omot on. Tipper on leave from the 14th June 1912, 

and vice Mr. E. Vrcdenburg on leave from the 14th September 

1912. 

5. Mr. P. N. Datta was granted privilege leave 

Lesve. for six weeks with effect from the 4th November 

1912. 

Mr. G. H. Tipper was granted privilege leave for three months 

combined with furlough for three months with effect from the 14th 

June 1912. 

Mr. K. A. K. Hallow ks was granted privilege leave for three 

months combined with study leave for nine months with effect from 

the 2nd August 1912. 

Mr. N. D. Daru was granted privilege leave for one month with 

effect from the 13th May 1912. 

Promotion. 

Leave. 

OBITUARY. 

6. I regret to have to recoid the death in Calcutta on Decem¬ 

ber 29th of Mr. Robert Bruce Foote, formerly senior Superinten¬ 

dent in this Department. Mr. Foote joined the Geological Survey 

in 1858 at the age of 24 and retired in 1891 after a service 

of a little over 33 years. The greater part of his service was 

spent in Southern India, where almost the whole of the Madras 

Presidency and the south-western portion of the Bombay Presidency 
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were surveyed and described by him and his colleague, the late 
Dr. King : a joint record unsurpassed by that of any two other 
members of the Geological Survey. 

7. Strictly comparable to the great area covered by his work 
was the wide range over which it extended ; for it embraced not only 
the geology of the crystalline rocks, which form such a large 
proportion of the Peninsula, but also stratigraphical and palaeontolo¬ 
gical researches and extensive studies of the character and dis¬ 
tribution of the prehistoric stone implements of India. Along each 
of these lines Mr. Foote made his mark; he was the first to 
separate definitely the Dharwar system from the South Indian 
crystalline complex and his papers on “The Dharwar system, 
the chief auriferous rock series of South India ” marked an 
important advance in, and still remains the basis of, the sub¬ 
division and classification of the Archrcan group of the Peninsula. 

8. In the field of palaeontology Mr. Foot* nade a valuable addi¬ 
tion to our knowledge of the pleistocene founa of India by his dis¬ 
covery and description of a new species of rhinoceros, named by him 
R. deccanensis, which he found in the cotton soil of Belgaum. 

9. His numerous papers, both critical and descriptive, published 
in the Records and Memoirs of the Geological Survey testify to 
Mr. Foote’s great scientific activity. 

10. On his retirement Mr. Bruce Foote spent three years in 
Baroda and subsequently published a monograph descriptive of the 
geology and mineral resources of that State. Since then most of 
his time had been spent at Yercaud in the Shevaroy Hills, whence he 
had kept closely in touch with the members of his old department, 
by all of whom his loss will be most deeply regretted. 

PUBLICATIONS. 

11. The publications issued during the year under review com¬ 
prise one volume of Records, one of Memoirs and four memoirs of 
Pahvontologia Indica. 

LIBRARY. 

12. The additions to the library during the year 1912, amounted 
to 3,337 volumes, of which 1,166 were acquired by purchase and 
2,171 by presentation and exchange. 
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MUSEUM AND LABORATORY. 

Staff. 

Determinative 
chemical work. 

13. Mr. H. S. Bion was Curator of the Museum and Labora¬ 

tory until the end of May, after which Mr. Q. de P. Cotter was 

appointed. The latter continued to act till the 

4th November when Mr. J. Coggin Brown took 

over charge. Mr. Ajit Kumar Banerji, B.A., was appointed Assist¬ 

ant Curator with effect from the 21st May. Babu Dlirga Sankar 

Bhattacherji and M. R. Ry. A. S. Subba Iyer, Museum Assistants, 

were confirmed in their appointments. 

14. The number of specimens referred to the Curator for exa¬ 

mination and report was 352 ; of these, assays 

*nd and analyses were mado of 47. Dr. W. A. K. 

Christie has been engaged chiefly in the in¬ 

vestigation of the potassium salt deposits of the Punjab Salt Range 

(sec p. 20). Besides the miscellaneous work of the laboratory 

he has carried out a number of complete analyses of igneous and 

metamorphic locks, including a series of rocks from Idar State 

collected by Mr. C. S. Middlemiss. 

15. Until the present year it had been impossible to comply 

with all of the very numerous requests made by Museums and 

educational institutions in India for collections 

of typical specimens, but the recent addition 

etc. to the staff of two posts of Field Collector, 

has resulted in the acquisition of material suit¬ 

able for distribution. During the year collections of Indian speci¬ 

mens were presented to the following institutions :— 

(1) The Government Commercial Classes, Calcutta ; 

(2) The London Missionary Society’s Institution, Calcutta ; 

(3) The Durgapur High English School, Chittagong; 

(4) Shrewsbury School; 

(5) Tho Presidency College, Calcutta ; 

(6) The Prince of Wales College, Jammu ; 

(7) The Presidency College, Madras; 

(8) The College of Engineering, Poona; 

(9) St. Mary’s Convent High School, Naini Tal ; 

(10) The Viotoria Technical Institute, Nagpur. 

A set of specimens illustrating the Gondite series was presented for 

purposes of study to Professor Grubenmann of Zurich. A collection of 
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Donations received. 

specimens of Indian maganese ores was also sent to Dr. Richard Beck, 

Geologisches Institufc der Kgl. Bergakademie, Freiberg, in exchange for 

specimens of moldavites. 

16. The following are among the specimens acquired by donation 

during the year •— 

(1) Kyanite with blue corundum, from 

Ranchi; presented by Mr. H. M. Fox. 

(2) Hornblende asbestos from Seraikela, Singhbhum district; 

presented by the Rajah Bahadur of Seraikela State. 

(3) Iron pyrites from Sain Bel, Rhflne, France; presented by 

Mr. A. Shrager. 

(4) Wolframite from Dolcoath mine, Camborne, Cornwall : pre¬ 

sented by Mr. A. Shrager. 

(5) Lead, containing 4 oz. per ton of silver, from the Nam 

Tamai, tributary of the Upper Irrawaddy ; presented by 

Captain B. E. A. Pritchard, I.A. 

(6) Blbdite, from the Mayo Salt Mines, Khewra ; presented by 

Messrs. Lyon and Reid of the Northern India Salt 

Revenue Department. 

17. The re-arrangement of the Invertebrate Fossil gallery is pro¬ 

ceeding. Show cases have been arranged to 

illustrate the following additional fossil series, the 

Jurassic of Spiti, the Himalayan Trias, the Hima¬ 

layan Devonian, and the Lower Tertiary of Burma. All the speci¬ 

mens contained in these cases have been provided with printed 

labels. 

18. Three additional show cases have been placed in the Siwalik 

„ gallery to accommodate the new types added 
Siwalik gallery. ? * „ .. , . , • ^ a n. 

to the collection by recent work in the Salt 

Range and Baluchistan. A fine series of North American Tertiary 

mammalia has been presented to the Geological Survey by the 

American Museum of Natural History. 

19. Several models of Indian Tertiary Vertebrate types have 

lately been prepared, and it is intended to continue this work so 

that it may be possible to distribute them to other Museums. 

Repairs and renovations to existing models both of Indian and 

foreign vertebrates have also been executed. 

Foa.ll 
(allery. 

Invertebrate 
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20. Babu Bankim Bihari Gupta, Field Collector, was employed 
during the season (1) in making collections of 

ca^ioftypicafrockif11" wvera^ varieties of granites and gneisses in 
the Nakta nala, (2) in collecting representa¬ 

tives of the various Deccan Trap flows in the Linga area, (3) in 
collecting specimens of hollandite, sitaparite, braunite and 
fermorite, from the Sitapur manganese mine, and (4) in collecting 
duplicate series of the rocks described in Dr. Fermor’s paper on 

the petrology of the Sausar Tahsil (Records, G. S. /., Vol. XXXIII, 

part 3). 

MINERALOGY AND PETROLOGY. 

21. Mr. Middlemiss has described some interesting mineral 
occurrences from the Aravallis of Idar State. 

?^w««er0£k'• At Bamanvada (lat. 23° 36', long. 73° 20') 
massive, white pyroxene rock is found associated 

with crystalline limestone and quartz-pyroxene schist, the whole series 
being intercalated as a band, 50 to 60 feet thick among mica schists. 

The coarsely crystalline, often pure white, pyroxene is found in beds 

of from a few feet to as much as 30 feet thick at one place, 
and may be traced at intervals for many miles. Although pyroxene 

as a constituent of many igneous rocks is common, this is the first 

instance recorded of extensive beds of the pure mineral having 
been found in India. Its optical and chemical characteristics are 
those of the diopside group of monoclinic pyroxenes, and it suffers 

local changes into white or pale green tremolite or actinolite in 
radiating tufts and interlaced fibres. Some of the latter layers are 

rather compact and semi-translucent, but not sufficiently so to 

have any value as jade (nephrite) as at present explored, though 
the occurrence is suggestive. The white pyroxene rock mottled here 
and there by the pale green tremolite makes a tough and handsome 

ornamental stone when polished. 
22. At Bhetali, seven miles along the outcrop from Bamanvada, 

a grey mottled variety appears with graphite in nests and films 
round and among the pyroxene crystals. Some of the associated 

crystalline limestone at Bamanvada shows small patches of hard 
dark green serpentine (bowenite) resembling in a small way that 

from the Safed Koh described by McMahon (Min. Mag., Vol. IX, 

p. 187, 1890). Mr. Middlemiss concludes from the lie and associa¬ 

tions of this band of rocks that they are mainly the result of 
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contact-metamorphism induced by dykea of olivine-gabbro and 
dolerite which penetrate the series. 

23. Mr. Middlemiss has further recorded massive idocrase (vesu- 

Idocrase vianite) from near Nadri (lat. 24° O', long. 
73° 2'). This mineral does not seem to have 

been much more than mentioned before in India, with the excep¬ 
tion of that from Tonk referred to by Mallet (Man. Geol. of India, 
pt. 4, Mineralogy, p. 93). Mr. Vredenburg doubtfully recognised 
it in some Idar granite collected by Professor Page, a point which so 
far Mr. Middlemiss has not been able to verify. The present oc¬ 
currence is in metamorphic Aravalli limestones, which in the 
neighbourhood are modified by intrusive veins of granite and aplite 

into a rock composed of calcite, quartz, microcline, diopside, 
wollastonite, etc., and secondly into the rock now described, by 

further intrusion into them of the later bosses of Idar granite. 
The rock is coarsely crystalline, with large shining cleavage plates 
of poikilitically developed idocrase among and including the other 

normal constituents of the calc-gneiss. The bands are several 
inches across, the proportion of the mineral to the rest of the 
rock being about 5 to 1. The determination is based on physical 
and optical tests, no chemical examination having yet been made. 

24. Mr. R. C. Burton has examined and described a series of 
volcanic rocks collected by Mr. Coggin Brown in 

TMf.yneh volumes. ^ neighbourhood o{ Teng.yueh. These con¬ 

sist of three groups :— 

(a) pyroxene-andesites ; 
(b) hornblende-andesites, pyroxene-andesites, with augite-olivine 

andesites and olivine basalt; 

(c) olivine basalts. 

These sub-divisions correspond with the three groups respectively 

termed by Mr. Brown “ bedded andesites/* “massive andesites 99 

and “ basalt lavas of Tay-in-shan,” and are enumerated in order of 
age, the first being the oldest. The rocks of group (a) are very 
much older than those of group (6), which are of pliocene and 
pleistocene age, some of the lavas, as for example those of the 
now extinct She-toe-shan crater, being of recent age. 

25. In general characteristics the andesites and basalts de¬ 

scribed by Mr. Burton are similar to those of the younger Burmese 

volcanoes, the lava of Ho-shuen-shan being comparable to the late 
Tertiary basalts of the Northern Shan States. A specimen of augite 
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andesite from Kan-lan-ssu contains a considerable amount of 

brown glass resembling the palagonite of the Rajmahal trap. 

26. An interesting paper read by Dr. Fermor before the Asiatio 
Society of Bengal (Jounn. A. 8. D., Vol. VIII, 

A ■■iieitcs Ultra- No. 9, p. 315) led him to the consideration 
pUtionlc hm la the conditions existing below the surface 

of the earth, from which ho has deduced the 

presence, below the plutonic sono, of a belt of material under high 

pressure and containing garnet as a typical constituent; this he 

terms the infra-plutonic none, with which he deals in a preli¬ 

minary note published in this part of the Records. Although 

admittedly of a somewhat speculative nature, the views put 

forward by Dr. Fermor are of great interest and highly suggestive; 

his memoir on the subject when published will undoubtedly form 

a very important contribution to the study of the chemical and 

physical constitution of the earth. 

PAL^ONTOLOdY. 

27. During his absenoe on Study leave Dr. Pilgrim examined 

most of the types of mammalia now in the 

Tertiary buhIi la British Museum from the Upper Siwalika of 
the BHtl.li Mil team. ^ giwalik Hillg) M ^ from perim Island 

and Burma. These have been described partly by Falconer 

and partly by Lydekker, and there are very few duplicates 

in the Geological Museum in Caloutta. Dr. Pilgrim also examined 

the fine collection of Pikermi species in the British Museum 

for purposes of comparison with our Middle Siwalik fauna. 

At the same time he worked out and described a small collection 

of Carnivora from the Lower Siwalika of Chinji and also from the 

Middle Siwalika. This work will, it is hoped, serve as a nucleus 

for a more extensive revision of the Siwalik Carnivora to be under¬ 

taken subsequently. Another group examined by Dr. Pilgrim was 

the MastodontidcB, which he found to be also in need of revision. 

28. Mr. Swinhoe’s collection of mammals, which is in the 

British Museum, was also examined. The specimens are from two 

localities, namely (1) the right bank of the Irrawadi opposite 

Mandalay and (2) near Yenangyaung. The collection from the 

former locality was found to include Elephae antiqwu (notnadictu) 
and is therefore presumably of pleiatooene age. Among the speci¬ 
mens from near Yenangyaung Dr. Pilgrim found a new species of 
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M ery copot amusy of which, with Dr. Smith Woodward’s consent, he 

has written a description. Other interesting specimens noticed 
were a skull from Pcrim Island attributed by Lydekker to the 

genus Strepsiceros. Dr. Pilgrim on developing this specimen to a 

considerably greater extent than had formerly been done, found 

the generic attribution no longer tenable and regards the skull as 

representing a new genus. 
29. Another interesting skull which had apparently been over¬ 

looked for some years bears a label containing the word “Ava.” 
If the specimen really came from Ava its age is presumably Middle 

Siwalik, since numerous Middle Siwalik species have been obtained 

from that locality. If this is so, its presence is interesting, since 
Dr. Pilgrim regards it as undoubtedly an ancestral form of the 

Pliocene Leptobos. He also found that it possessed decided antelo- 

pine affinities. In view of the interest attaching to it Dr. Pilgrim 

wrote a description of the specimen with Dr. Smith Woodward’s 

permission. 
30. A fine collection of Hxpparion skulls from Pikermi also proved 

of considerable interest, being found to comprise two species, 
namely, the pontian form H. graeik and also another which Dr. 

Pilgrim regards as almost, if not quite, identical with the Indian 
form H. punjabiense, from the Middle Siwaliks of the 8alt 

Range. 
31. Dr. Pilgrim also paid a visit to Basle where Professor 

Tertiary mammals at 
Basle. 

Stehlin very kindly allowed him to examine 

numerous specimens which proved to be inter¬ 
esting and useful for purposes of comparison 

with Siwalik forms. 
32. Mr. Vredenburg was also absent on study leave during the 

year and examined collections of Tertiary 
Tertiary 

Sind and 
stan. 

the Tertiary fossils of Sind and Baluchistan, 
on a description of which he has been engaged for some years past. 

His work comprises two main sections, firstly, the revision of the 
Sind Tertiary types of D’Archiac and Haimc and secondly, a 

complete description of the post-eocene Tertiary molluscan fauna 

of North-Western India. D’Archiac and Haime’s types have been 

carefully revised and their geological horizons ascertained. Most 

of the molluscs proved to be fropi the Gaj and Laki stages, the 

^Bahjchf invertebrate f0Sflik both in England and on 
the Continent, for purposes of comparison with 
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Gaj being chiefly represented and the fossils from it as a rule 
well preserved, whereas the specimens from the Laki stage were 
usually casts. There are also a few Ranikot forms, very few 
from the Nari, none from the Khirthar, and only one from the 
Cretaceous. The post-eocene molluscs that have been described 

by Mr. Vredenburg comprise over 350 species of which about 
120 are new. Mr. Vredenburg finds that the only forms that show 
any close relationship to European species are those from the 
Nari, whereas the percentage becomes very small in the Gaj beds 
and still smaller, practically none, in the Hinglaj, the fossils of 
which latter stage are closely related to those of Java. 

33. Before taking leave Mr. Tipper was engaged on the de- 

, , „ scription of the Jurassic fossils from Baluchistan 
Jviislc ammonites. r, . , , , , , . 

on which he has been engaged for some years. 
He has made considerable progress in the work and it is hoped 
that his results will soon be ready for publication. 

34. The Cretaceous fossils collected by me at Kampa dzong 
and Tuna in Tibet and the Jurassic brachiopods 

being"done 'in^Europe!collected by Messrs. La Touche and Datta in 
the Shan States are still in the hands of Professor 

Douvill6 and Mr. S. S. Buckman respectively. 
35. The collections of Palaeozoic fossils made by Mr. Griesbach 

in N. W. Afghanistan and Khorasan and by me in the Koh-i-Baba 
have been examined and described by Miss Colley March, B.Sc., 

of Manchester Universitv. Mr. Griesbach’s collections contain 
well-preserved brachiopods, the best having been obtained from 
Robat-i-pai near Herat; they include species of Spirifer (cf. bieuL 

catus and cf. clathratus), Productus (semireticulatus and pustxrfosus), 
Camarophoria cf. purdoni and Atrypa aspera. Miss March regards 
these fossils as essentially Lower Carboniferous, and ascribes the 
presence of Atrypa aepera to a local survival of this species beyond 
the usual Devonian limit; experience of the difficulties under which 
specimens are .collected during expeditions of the kind" on which 
Mr. Griesbach was engaged at the time, would dispose me rather 
to infer that he had not had an opportunity of working out 
horizons in detail and consequently did not suspect the presence 
of more than one system; it is clear from his lists that fossils 
oolleoted from beds some little vertical distance apart were not 

differentiated, and the collection might thus easily contain both 

liower Carboniferous and Upper Devonian species. The dose 
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association of fossils belonging to these two systems near the 
Kotal-i-Hajigak in the Koh-i-Baba lends considerable colour to 
this explanation. 

36. Miss March has also described the fossils collected by me 
from the upper beds of the Hajigak limestone; they are badly 
preserved, but were found to include Spiriter wynnei, Choneles cf. 
hardrensis, (?) PhiUipsia derbicnsis, a new species of StrModus 
named by Miss March Str. xncurvust and several species of Zaphren- 
tis and Syrtngopora. The most striking feature of all these fossils 
is, according to Miss March, their close affinity to European forms. 
Their age is regarded as Lower Carboniferous. 

37. A description of the lamellibranchs of the Ranikot stage 
by Messrs. Cossmann and Pissarro has been received and will 
shortly be published. 

38. During the year, Professor Seward completed bis examination 
and description of the Gondwana plants collected by Mr. Middlemiss 
on the Golabgarh pass. These include Glossopteris indica Schimp 
and Cordaites hislopi Bunb., both typical species of the Lower 
Gondwanas of the peninsula ; they thus furnish unequivocal evidence 
of the identity of the Gondwanas of Kashmir with those of the 
coalfields of India. Prof. Seward’s memoir has been published 
in the Palceontologia Indica. 

ECONOMIC ENQUIRIES. 

Building Stones. 

39. The limestone of which the Simla town-hall is built was 
submitted to the Geological Survey for examination and report. 
It was said to have been obtained from the quarries on Prospect 
Hill and was found to be very friable and impure, and not suitable 
for building purposes. Specimens of the - Sanjauli quartzite were 
also examined and found to be excellent building-stones. 

Coal. 

40. The re-survey of the Raniganj coal-field and revision of the 
maP originally prepared by the late Dr. 

m * Blanford, on which Mr. Walker was engaged 
on behalf of the Mining and Geological Institute, in oo-operation 

4* a committee of the jnembenj of that body, was completed 
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during the year. Mr. Walker’s report on the correlation of the 
fleams has also been handed over to the Institute by which it will 
be published. 

41. Attention having recently been drawn to the possibility of 

exploiting profitably the coal-fields in the Korea 
c Co.l la (Core. SUte, State 0f the Central provinceg originally 

examined by Mr. Hughes (Memoirs, Geol. 

Surv. India, XXI, pt 3), the Chief Commissioner has asked that a 
member of the Geological Survey should make a more detailed 
examination of the area. The matter has therefore been taken up 
by the Central Provinces party and Dr. L. L. Fermor proceeded 

to Korea at the end of the year. Having only just arrived on 
the field at the conclusion of the period covered by this report, 
his results are not yet available. Samples of coal, however, were 
sent for assay to this Department in September 1912, by the 
Political Agent, Chhatisgarh Feudatory States ; these proved to be 
of fair quality, the percentage of ash being about 6; the 
percentage of moisture is undesirably high and varies from 7 to 
10 percent; the calorific value of the better samples ranged between 

6,650 and 6,850. The localities from which the best samples were 
obtained are Kouraia nala, Kurasia and Kukri nala. 

Engineering Questions. 

42. In pursuance of the recommendations of the landslip com- 

D.rpitai Undiiipa. T “ DariilinS ™ October 
1911, Dr. L. L. Fermor was employed during 

the summer of 1912 in making a detailed geological survey of 
the Happy Valley and neighbouring hill-sides. Through the courtesy 

of Lt.-Coloncl R. T. Crichton, C.I.E., Director of Surveys, Bengal, 
he was provided with large contoured maps. Dr. Fennor’s more 
extensive survey has, while greatly amplifying them, tended to 
confirm the results arrived at by the Committee. His recommend¬ 
ations and conclusions have been forwarded to the Government of 
Bengal. 

43. The conditions of the hill slopes at Dharmsala having given 

DfatrmtalahUliiopei. 041186 for aPPrdl«l«0o leiB.fc landslips might 
occur, a committee was appointed to examine 

the Btatdon and report to the Local Government. The services 
of a member of the Geological 8urvey having been asked for 
in this connection, Mr. C. S. Middlemisa joined the committee 
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on his way back from field-work in Kashmir at the end of 
the monsoon season. Having visited Dharmaala in 1905 in the course 
of his investigation of the effects of the great earthquake of April 

4th, his intimate knowledge of the geological conditions rendered 
Mr. Middlemiss peculiarly suitable for this further investigation. 

His conclusions, which were submitted with the report of the com¬ 
mittee, tend to show that there is no immediate danger to be 

apprehended so long as certain necessary precautions be taken without 
delay. These include the afforestation of bare hill-sides and the 
dosing to grazing and wood-cutting of those already partially 

deforested; in addition to this certain measures are recommended 

with regard to rendering the water channels and the drainage 
system more efficient. 

Gold. 

44. Mr. H. 8. Bion was deputed at the beginning of the field- 
season of 1912-13 to take up the examination of the auriferous 

Bma gravels of the Chindwin river. His work only 
covers a short period during the year under 

review, and comprised chiefly an inspection of the gravels at the 
small gold-washing villages of Manlaikgyi and Manlaikgale,' seven 
miles below Kindat; these were found to be valueless. The gravel 

island opposite Helaw was also examined and the gold content 
found to be very irregularly distributed. The surface gravels, 
which are quite rich in places (carrying from 8 to 15 grains per 

cubic yard), are barren in others. Only the surface is rich, there 
being practically no gold at a depth of four feet. Traces of 
platinum also were met with. 

Iron. 

45. In March 1912, Dr. Fermor visited the iron-ore deposits 

R . w of Goa and Ratnagiri, where the Compagnie 

M M 1 des Mines de Fer de Goa and Messrs. Jambon 
& Co. respectively gave him every facility to inspect their 

properties. In Goa, the iron-ore occutb in beds of the Dharwar 
system, and the total amount is believed to be very considerable. 
In the southern parts of Ratnagiri and in the adjoining State 

of Savantvadi, similar geological conditions prevail, and deposits 

of iron-ore have been found, at Redi in1 Ratnagiri and near 
Banda in Savantvadi. It is considered probable that before long 

•jfrn export trade may be developed from this part of India, • yi 

Om md Rita*!Iri. 

.•\V j*• i 

V
i.

 



Past 1.] General Report for 1912. 19 

46. Mr. Heron records the presence of large quantities of hematite 

Jd State. *n nobles near Raialo and Nimla. 
He attributes these deposits to metasomatic 

replacement of the calcito by iron-bearing solutions. Whenever 
a hillock is seen in the Raialo marble, it is found to be due to 

the superior resistance to denudation of these masses, which stand 
out as dark-coloured piles of rock from the level stony plain of 
yellow or pale brown weathered marble. The rock varies, accord¬ 

ing to the amount of replacement, from marble stained brown 
by iron, to nearly pure hematite. The deposits are elongated 
more or less in the direction of the strike, but thicken and thin 

out in a quite irregular fashion; they are, in fact, lines of irre¬ 
gular lenticular masses rather than bands. It is difficult to estimate 
their real thickness, as the slopes are covered with boulders which 

are strewn to a great distance around and quite obscure the rocks 
beneath, giving an appearance of thickness greater than is really 
the case. Bands up to seven or eight feet across of pure hematite, 
were measured, and there are many much wider. If thin calcareous 
bands, which would be mined along with the ore and eliminated 
by hand-picking, aro included, the width must run to many yards, 

and the amount of ore is certainly very great. The locality is 
situated about 15 miles from Dosa railway station, the intervening 

country presenting no impediment to railway and tramway con¬ 
struction. Extensive old woikings are also seen near Nimla and 
between Raialo and Kalajpun; these probably supplied part of 
the raw material for the now extinct iron industry of Bhangarh. 

Kaolin. 

47. Mr. Heron records the presence in Jaipur State of deposits 
of kaolin which may possibly be of value. 1J 

Jaipur Stale. ^ g R of Raanu (26o 41# . 76<> 37') a long 

and spacious tunnel has been driven along the strike of a bed 
of kaolin which runs midway in the ridge of Alwar quartzites 

and is about 20 yards wide, white but rather impure, banded 
with quartzite. There is evidently a very large quantity available. 
It has been quarried for local uses only, such as white-washing, 

eto. Kaolin is also dug from the soft argillaceous and taloose 
lone near the base of the Alwars at the north end of the Lalso 

UUs, chiefly near Dar&oli (26° 55'; 76° 58'). There are two beds 

oS 
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Assisi. 

Borns. 

separated by quartzite; the upper one provides a white and fairly 

pure clay, slightly mottled with pale purple and pink. 

Petroleum. 

48. Mr. Pascoe completed his examination of the petroliferous 

localities of Assam and prepared a memoir 

which is now in process of publication. 

49. During the early part of the year, Mr. Cotter was on duty 

at the Yenangyaung oilfield, where he was 

succeeded by Mr. Coggin Brown. Owing, how¬ 

ever, to his health giving way, the latter officer was relieved in 

July by Mr. Heron, who remained at Yenangyaung until the 

beginning of the field-season of 1912-13. 

50. Sub-Assistant Sothu Rama Rau describes petroliferous areas 

at Yeyodaung and 3 miles N. N. W. of Nga-hlain dwin in Minbu 

district. At the former locality, where a Burmese well has been 

dug, the beds at the crest of the anticline dip at low angles of 

from 10° to 12°. There arc also a few Burmese wells at the second 

locality, and both places are regarded as being probably of economic 

valuo. The oil is said to occur in the upper beds of the eocene ‘series. 

51. Having completed his work in Assam, Mr. Pascoe proceeded 

to examine the petroliferous localities of the Punjab and North- 

West Frontier Province, and was still engaged 

Province. "nd N’*W’ F’ on work when an attack of suspected 
enteric compelled him to return to hospital at 

Lahore. His results are not therefore available yet. 

Potash Salts. 

52. Dr. W. A. K. Christie was deputed in January to the Salt 

Salt Raufe. Range in the Jhclum District of the Punjab 
to investigate the potash salts found in his 

previous prospecting operations in the rock-salt mineB at Khewra 

and Nurpur, worked by the Department of Northern India Salt 

Revenue. The potash beds found in the Mayo Mine at Khewra 

are generally overlain by seams of unsaleable marl, and their 

investigation is rendered difficult because the mining authorities, 

being mainly concerned with the extraction of marketable salt, whioh 

exists in unlimited quantities, naturally change the sphere of 

fyeir operations as soon as a marl seam is struck and befor^ 
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the deposit underlying it is exposed. The principal potash-bear¬ 

ing bed found in the Pharwala section of the Mavo Mine was 

traced at various points for some 850 feet along its strike, and 

over 250 feet with the dip, which is about N. 30° W., with an 

inclination of 20 to 50°. Its average thickness is six feet and 

the potash content varies from 6*8 to 9*6% of KfO. The dis¬ 

tances given are indications of the comparative!)' extensive nature 

of the deposit, but they arc not intended as a basis for calculation 

of the material available for extraction, as questions of expediency 

in pillar preservation complicate the issue. Another seam eight 

feet thick and carrying 7’7 per cent of K20 was found in a 

prospecting drift in the Pharwala salt,—what was presumably the 

same bed being struck in another prospecting drift 700 feet to the 

E. N. E. In the Buggy section of the Mayo Mine the only seam 

of any importance that was found was traced for about 150 feet 

along its strike, which is E. N. E.—W. 8. W. The dip of the 

bed is about 35°, its average thickness two feet nine inches, and 

it carries 14’ 4 per cent of K20. The seam thins out when followed 

upwards along the bedding; in another chamber, at a distance 

of 170 feet south from the nearest exposure, it was found to be 

only a few inches thick. Tho seam in the Nurpur mine is exposed 

only in one place which is difficult of access. Jt dips S. B. E. 

at about 75° and at this point is six feet thick. A typical specimen 

from this deposit carried 14*1 per cent of K^O. 

53. The potassium-bearing minerals of the salt formation are 

chiefly langbeinitc and sylvin, kainite and blodite with a small 

percentage of potassium being often present in small quantities. 

The deposits arc usually fine-grained mixtures of these minerals with 

common salt and kieserito. The economic )>eariiig of the occurrences, 

together with questions of their mineralogy and genesis will be 

discussed in a paper now under preparation. 

Steatite. 

54. In addition to the locality of Morra long known for its 

steatite, Mr. Heron describes other and hitherto unrecorded localities 

where that mineral is extensively developed in 

thick beds of great purity. The new localities 

are Dogetha (Dagota), 2J miles N. E. of Raialo (lat. 27® 5*; 

long. 76° 15'), Gisgarh lat. 26° 53'; long. 78° 40'), and Kawa 

(lat. 26° 46'; long. 76° 32'). The Dogetha deposit is excavated 

Jaipur State. 
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to a width of about 30 yards, but is probably wider, as the oountry 

rock on either side is not laid bare. It runs diagonally, dipping 

at 80° west by south, across the end of a hill and is only excavated 

for some 50 or 60 yards along the length of the bed in an open 

cutting. The steatite is very pure, milk-white or faintly tinged with 

green, with very thin films of pink ferruginous matter in some 

of the joints. The joints are irregular and allow of pieces up 

to one foot or so in length being extracted, but most of the 

material is in much smaller pieces and no particular effort is 

made to get large blocks. The deposit is quite structureless 

except for the jointing, and no clue could be obtained as to its 

origin; in no place was a junction with the surrounding rock 

seen. The cost of excavation is about one rupee for six or seven 

maunds. It is transported to Doaa station on pack bullocks at two 

annas per maund. Rs. 3,000 is said to be the annual rent paid 

for the. quarry. From Dosa it is sent mainly to Amritsar and 

some to Cawnpore. 

At Gisgarh the bed is only 2 feet thick and the material 

inferior to that of Dogctha. At Kawa only traces of steatite were 

noticed in a well. 

With regard to Morra-bhandari, the original locality described 

by Haoket as the source of the stone used by the Agra stone- 

carvers, Mr. Heron describes the deposit as extending for 5 miles 

in the form of richer pockets in a stratum concentrated from 

talcose schist. One of these is mentioned as being about 25 feet 

thick. Work is only being done at one place 1 mile west of Morra 

(lat. 26° 49'; long. 76° 51'). 

Water. 

55. At the request of the Railway Board, Mr. H. C. Jones, 

. . visited Item in June, on behalf of the Great 

Indian Peninsula Railway, in order to report 

on a proposed scheme for a reservoir. The site chosen for the 

dam proved unsuitable owing to the porosity of all the rooks in 

the neighbourhood and no suitable site could be obtained. 

66. In December I paid a short visit to Rajdaha near Topchanohi 

in Manbhum district, to examine a site for 

SUtrfct**’ a dam in connection with an important project 

for a water-supply for the Jhorriah coal-field. 

It is proposed to build a dam across a small valley immediately 
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below the village of Kajdaha and thus to impound a large body 

of water. The site for the dam had been chosen where a belt of 
hornblende-gneiss crosses the valley; this appeared to offer a 
suitable foundation. 

Wolfram. 

57. Mr. Page continued his investigations into the condition 

of the wolfram industry in Mergui and Tavoy. 

The absence of reliable maps has led to serious 
difficulties in the matter of granting licenses and leases and Mr. 
Page’s work has been largely of a clerical nature with a view 

to preventing the confusion that inevitably follows the failure on 
the part of applicants to define exactly the boundaries of the 
concessions for which they apply. Mr. Page is preparing an ad 
interim report and it is hoped that by the end of the present 

field-season he will be in a position to make final recommendations. 

GEOLOGICAL SURVEYS. 

Bombay, Central India and Rajputana. 

58. Mr. Middlemiss continued his survey in Idar State, begun 
the previous season, and completed all the 

MtrSUtc! MM4le"l“: main portion of that State, so far as areaa 
of solid geology are concerned, with the excep¬ 

tion of a few stripe and comers along the north and east bound* 
ariee, which will bo finished off later in conjunction with other 
outlying parts of Mahi Kantha Agency. The area is included 

in the following sheets of the l'=l mile Bombay Survey (the 
numbers in brackets refer to the same sheets numbered according 
to the Central India and Rajputana Survey)Nos. 119, 143 (120), 

144 (121), 145 (122), 146 (123) and 179 (150). 
59. The mapping of the calc-gneisses of the Aravalli system, 

mentioned in the preceding Annual Report, was continued north 
of last year’s area into the long strip of Idar territory lying between 

Udaipur on the east and Danta on the west. There, in the neigh¬ 
bourhood of Kherod (lat. 24° 14', long. 73® 3') an important 
modification takes place. Instead of being composed as in the 

Vadali neighbourhood of calcite, quarts, microcline, diopaide, wollas- 

tonite, scapolite, etc., profusely penetrated by aplite and pegmatite 
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veins, it takes the form of a dark rock composed mainly of 

crystalline calcite penetrated on a very minute scale by lit-par-lit 

layers of basic hornblende-felspar material (amphibolite), the result¬ 

ing complex being a precise reproduction in some of its varieties 

of the amphibolites described by Adams and Barlow in Canada1. 

This series, which may be called the Kherod amphibolite series, 

is folded along with garnetiferous mica-schistB and phyllites, and 

seems to underlie to the west the ordinary calc-gneisses of the 

Vadali area. The full examination of those rocks is still incomplete 

in the direction of Posina. 

60. Other modifications of the calc-gneiss series, with the produc¬ 

tion of massive idocrase at one locality, and thick beds of white 

pyroxene and other rocks at another, are referred to in more 

detail in a separate part of this report (supra, p. 11); whilst tho 

steatite, asbestos and associated serpentine, magnesite, etc., of 

Kundol have already been noticed in the preceding annual report 

and in a short article by Mr. Middlemiss published in the same 

volume of the Records. 

61. Several instructive examples, demonstrating the later intrusion 

of the Idar granite masses across the sharply truncated edges of 

the Aravallis with their included older granite veins, were specially 

noted this season, one being at the N. W. edge of the Dharol 

hill (lat. 24° O', long. 73° 2') and another at Asai hill (lat. 23° 65', 

long. 73° 3'). A few new types were noted among the older 

aplites and granite veins, one of which is a medium-grained granite 

with allanite in crystalline grains completely taking the place of the 

usual ferromagnesian constituents. 

62. The exact lie of the Aravalli complex with reference to the 

succeeding Delhi quartzite is generally not very clear in Idar State, 

but at one locality near Khercha (lat. 23° 40', long. 73° 24') observed 

last season, the wandering strike directions of the former show 

complete discordance against and beneath the presumably younger 

massive Delhi quartzite. The latter itself, whilst building all the 

rather lofty and sturdy hill ranges of this part of the country, 

is also most intricately involved in foldings, twistings and crushings, 

whose complexity is such as to render any exact reproduction of 

them in section very difficult; the outcrop and strike are generally 

self-evident but evidence of dip in these rocks is not often reliable. 

, 1 Qeol, of Haliburton and Bancroft area*, Ontario, Dept, of Mine*, Geo). Surv 
Branch, Mem. No. 6 (1910). pp. 157—172. 
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63. The Delhi quartzite again in turn appears to be succeeded 

on its eastern border by an extensive younger series of soft, thin- 

bedded and splintery schists or phyllites, of pale drab, yellowish 

and greenish colours, quite distinct from the Aravallis, and unlike 

them pierced by no plutonic intrusives, but only by numerous white 

quartz veins. These build a third type of country, distinct, on 

the one hand, from that of the alluvium-covered Aravallis, and 

on the other, from the massive ridges of Delhi quartzite. It consists 

of long, low, undulating hills with ribs of vein quartz, the whole 

making a confused, labyrinthine tract of low knolls and intricate 

stream-beds, the favourite haunt of the Bhils. In its further 

extension to the east, this series of phyllites merges into those of 

Dungarpur State east of Isri and Meghraj, where their survey is 

still awaiting completion. 

64. Mr. Jones, continuing his survey of last year in Gwalior, 

proceeded to the southern part of the main 

Gwalior and TonkJO-ei arca °* ^afc which lies north-east of 
Bliilsa town (lat. 23° 31', long. 77° 52'), and 

iB contained in the 1 inch=l mile standard sheets, Nos. 374, 375, 

376, 392, 393, and 394 of the Central India and Rajputana Topo¬ 

graphical Survey. Only towards the end of the season, in March, 

was he able to continue his survey still further north into a por¬ 

tion of Tonk State adjoining the Bhilsa district. The area sur¬ 

veyed, on its south-west border, marches with that already mapped 

in detail, partly by E. Vredenburg (season 1897-1898) and partly 

by C. S. Middlemiss, H. Walker and Scthu Rama Rau (season 

1904-1905). The great diversity of Upper Y'indhyan rock stages, 
from Lower Kaimur sandstone to Upper Bhander, so well exposed 

in that completed area, was not found, however, to continue into 

the ground surveyed by Mr. Jones, and which iB now under review. 

The latter proved to be mainly Deccan Trap and alluvium, with 

here and there groups of isolated tabular hills composed solely of 

one or two members of the Upper Vindhyan sequence, namely, 

false-bedded, purple and mottled sandstone, judged to be of Lower 

Bhander horizon, underlain locally, as at Udepur (lat. 23° 54', 

long. 78° 5') by greenish and purple shales presumed to be the 

Ganurgarh shales, and at one place, namely, three miles south-west 

of Hydergarh Basoda (lat. 23° 37', long. 28° 14'), by a limited 

exposure of siliceous lime stones. On account of the entirely detached, 

inlying character of the exposures, surrounded as they are on all 

sides by wide expanses of Deccan Trap and alluvial valleys, Mr. Jones 
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cannot be absolutely certain of the exact horizons of these rocks 

(some of which may possibly belong to the Rewa stage). 

66. The country, which is a moderately level plain, lies at a 

general elevation of about 1,800 feet, diversified by isolated hills and 

hill ranges rising another 400 feet above that. These latter are 

mostly the sandstone as described above, generally horizontal, but 

dipping 2° or 3° north-west in the south-west part of the area, 

and dipping east near Udepur (23° 54'; 78° 5'). The Deccan Trap 

presents no new features and consists of superposed sheets of 

dark, fine-grained basalt without olivine and with amygdaloidal layers 

and interrupted rarely by a very thin and often disrupted bed of 

Intertrappean limestone and chart, which sometimes becomes a 

mere collection of residual blocks. No fossils were yielded by 
these Intertrappeans. 

66. Ferruginous laterite and residual laterite lie in frequent but 

discontinuous patches, especially in the north-west parts of the 

area. Some fragments of an aluminous variety were noted near 

Hura (Saugor distriot). Good cotton soil covers most of the flatter 

parts especially those in the north of Bhilsa district. 

67. Nothing of special economic importance is reported. Ex¬ 

cellent building and flag stones are of course 

obtained from the Vindhyans. Ferruginous 

laterite, once a source of iron, is now largely used as road metal. 

68. Mr. Heron, having in previous years surveyed in detail 

Alwar State and the neighbouring geologically 

connected areas to the east, turned his atten¬ 

tion during the last working season to the 

part of Jaipur State lying to the south and south-west of his ori¬ 

ginal base of operations in Alwar. The area surveyed, besides a 

large portion of Jaipur, includes also the Tonk Pargana of Tonk 

State, the Chiefship of Lawa and certain detached villages of 

Bundi State (the Bundi and Lawa areas being completely enclosed 

by Jaipur territory). This large area is comprised within eighteen 

standard (l'=l mile) sheets of the Central India and Rajputana 

Survey, namely, Nos. 229 to 232, 260 to 265, 288 to 292 and 316 to . 

318. Of these sheets Nos. 261 to 263, 289 to 292 and 316 to 317 ' 

have been completely surveyed geologically, and 264, 265 and 318 

finished so far as Jaipur State is concerned. 

.. 69. The area, like that previously revised by Mr. Heron, had; 
already over thirty years ago been surveyed by Hacket, and the ../- 
geology and eoonomio resources outlined in several publications by * 

Economic. 

Mr. A. M. Heron: 
Jaipur State. 
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that author.1 Its re*Burvey was necessary, in continuation of the 

regular revision of Haoket’s work in this area, for reasons explained 

in previous General Reports. Excluding sheets 288 and 316, mapped 

in previous years, the rest of the area stretching to the south and 

south-west is a vast alluvial and sandy plain with only very 

occasional, narrow, strike-ridges (mala) and strips and patches of rock 

with north-east—south-west alignments, rising out of that plain. 

Of these the Lalsot-Toda Bhim elongated ridge-mass stretches 

for over 40 miles in length, and has been mapped by Mr. Heron 

as “Delhi system”, but described in his report as the Alwar 

series. Others again, stretching for even longer distances, and 

sometimes extremely attenuated, expose only the metamorphic 

Aravallis, with small areas of intrusive granite, pegmatite and 

quartz veins. In this newly surveyed region, outside sheet 288, 

none of the lower members of the Delhi system, namely, the 

Raialo quartzite and limestone, which come normally below the 

Alwars, have been recognised. Similarly, none of the series above 

the Alwar quartzite, namely, the Ajabgarh series and Homstone 

Breccia have been certainly detected. Thus the Delhi system is 

here restricted so far as outcrops are concerned to its middle 

member, namely, the Alwar or Delhi quartzite series; but it is 

possible that the other lower and upper members may lie hidden 

beneath the alluvium. 

70. Having revisited the old area of the Raialos, Mr. Heron 

finally rejects the tentatively expressed idea that the granite is 

intrusive into them, and now believes them to lie unconformably 

upon it. It seems now established, therefore, that the Delhi 

system lies unconformably above the Aravallis and above their 

intrusive massive granites, though certain pegmatite veins cut 

through all the systems including, though rarely, the Aj&bgarhs. 
71. Mr. Heron's report enters very clearly and fully into the 

description of the new areas. The metamorphic origin of the 

Aravallis is amply demonstrated by the varying amounts of altera¬ 

tion of them from hardened, though uncleaved, shales to coarsely 

crystalline biotite schists with staurolite or garnet in great quan- 

; ’ itifcy. The dark, impure, thin-bedded quartzites associated with them 

are deemed to be quite different from the Alwar quartzites (though 

. j. sometimes marked as such by Hacket) and never like the latter 

» ..• showing ripple-marks. Strictly subordinate to the above are schis- 

r'\r r* IUc. Otoi. 8urc. India, Vd. X, pt. 2 (1S87), VoL XIII, pi. 4 (1880), and Voi XIV, 
4,0881). • 



28 
~ • * • 

Records of the Geological Survey of India. [Vol. XLIII. 

toee conglomerates, grita and impure argillaceoufl limestones and 

epidiorites of uncertain origin. The general dip iB north-west at 

high angles of from 30° to vertical. The rocks intrusive in these 

are quartz veins with a small amount of tourmaline, bosses of 

granite, slightly pressure-foliated, medium-grained and porphyritic, 

with a groundmass of microcline and a micrographic intergrowth 

of quartz and felspar; aplite veins; and pegmatites in masses 

of all sizes from half an inch to many yards across and of medium 

to extremely coarse grain, their mineral constitution only differing 

from that of the granites by the presence of tourmaline. The 

Alwar quartzite representatives of the Delhi system are caught up 

among the Aravallis in a double or triple set of synclinal folds 

combined with anticlines by rapid variation in the pitch of the 

axes, and some of them resemble more nearly those of the Biana 

Hills (described last year) than those of Alwar. 

72. Only one doubtful occurrence of a black brccciated slate 

near Podampura (lat. 26° 51', long. 7G° 49') may represent the 

Ajabgarh series. The rest of the country io a vast expanse of 

light loam and sand hills, the latter heaped up by the prevailing 

winds on the western faces of the rocky ridges, but not much 

resembling the travelling dunes of more desert-like areas, inasmuch 

as they all bear a scanty vegetation of tall “ muuj ” grass and 

various small shrubs. 

73. In addition to iron, kaolin and steatite (see pp. 19, 21), 

Mr. Heron records some trifling occurrences 

of mica; quartz is also referred to and the 

garnet workings long since closed, at Toda Rai Singh and other 

villages to tho south and west of Rajmahal. 

74. The survey of the State of Dungarpur was continued by 

Mr. Daru, who attributes most of the rocks 

Dmorpur’ D’ ******' met ^ravalli system, the chief 
types include ortho-gneisses, schists, phyllitcs, 

quartzites, boulder-beds and crystalline limestones; Mr. Daru has 

not yet been able to subdivide these. 

Economic. 

Burma. 

75. The Burma party has now been strengthened by the addi¬ 

tion of a Superintendent, and Mr. Vredenbuxg 

took charge of the party towards the end 

of the year under review. 

Mr. E. Vredeoboff. 
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76. Mr. P. N. Dafcta was engaged in the survey of the eastern 

parts of the Irrawaddy valley lying in the 

Ky«nksePafl4Melki^: d*8*™*® oi Kyaukse and Meiktila and bounded 
on the east bv the hills of the Shan States. 

The rocks met with consist of young clastic deposits, referred to 

the Pegu sories on the west, and a group of older sedimentary rocks 

intimately associated with and altered by intrusive granite on the 

east. The older rocks consist of shale, sandstone and limestone, 

all frequently metamorphosed; in the absence of fossils, there is 

no evidence of their age, but Mr. Datta suggests that it may be 

Palccozoic. Felsite and andesite are also said to occur in this region, 

but their relationship to the other rocks is not stated. 

77. While acting as 44 Oilfields Officer” at Yenangyaung during 

the early part of the year, Mr. Cotter visited 

YeJJ^ °*o8e CoM*s the steatite mines in the Arakan Yoma and 

Minim. made some notes on the country traversed; 

no new facts, however, were brought to light. 

During the latter part of the year, he took up the systematic 

geological survey of the western part of the Minbu district in¬ 

cluding Hpa-aing and the eastern flanks of the Yoma; rocks of 

eocene and of so-called “ lower eocene ” age were found, the former 

yielding the usual “Khirthar” fossils. Serpentine intrusions are 

numerous. Owing to the unhealthiness of the season, Mr. Cotter 

was obliged through illness to interrupt his work, temporarily 

transferring operations to a less malarious area until the season 

should be more advanced. 

78. During the latter part of the year, Mr. Bion took up a 

survey of the auriferous gravels of the Chind- 

U per ciladwta. ^1 wln> ®8 wor^ ^ heen not*ce(* u&der Gold 
P (8upra} p. 18). 

7‘J. Sub-Assistant Sethu Rama Rau continued the mapping of 

the Tertiary l)eds on the west of the Irrawadi 

^ *n distiicts of Minbu and Pakokku. He 

Paktkka"' M completed the survey of the area covered by 

Sheets 84 £ and 84^- with the exception of 

the part already surveyed by Mr. Cotter. In the Minbu district 

he added the geology to parts of sheets 84 and sheet 

lift ’ ' 
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*: 80. The results of the geological traverses made by Mr. Coggin 

Brown a few years ago in the neighbourhood 

ticf*™0 Ch,M Pr0fl °* the Burmo-China frontier about Tengyueh 
have now been embodied in a paper which will 

be published in a subsequent part of these Records. 

* 81. The rocks met with are classified by Mr. Brown into six sub¬ 

divisions, viz. (in descending order)— 

(6) Recent deposits ; 

(5) later Tertiary deposits of the Taping, Mong-hsa Mong-wan 

and Teng-yueh valleys; 

(4) eruptive volcanic rocks of the Teng-yueh area ; 

(3) metamorphic rocks of the Kao-liang series; 

(2) intrusive granites of the upper Taping valley; 

(1) gneisses, schists and crystalline limestones of the frontier 

hills. 

82. The crystalline series (1) covers the greater part of the 

country between Bhamo and the Salween ; in the neighbourhood of 

Teng-yueh it is hidden as a rule by younger bedded deposits, 

but inliers of the old crystalline surface often appear. Granite (2) 

also occurs in considerable quantity. 

83. The metamorphic series (3) consists of quartzites and phyll- 

ites, very similar to, and probably of the same age as, the Chaung 

Magyi series of the Northern Shan States. 

84. The eruptive volcanic rocks, of which a separate description 

has been written by Mr. R. C. Burton (supra, p. 12) consist 

of andesites, basalts and pumice. They fall into an “ older99 

and a ‘ ‘ newer ’1 group, the former consisting of grey, close-grained 

porphyritic andesites, which have a characteristic platey structure 

and are often folded. They are much older than the members 

of the “newer’1 group, although no age is assigned to them, but 

Mr. Brown seems to contemplate the possibility of their being as 

old as Palroozolc. The newer group consists of massive andesites, 

which are of Tertiary age and are again older than the bisok 

slaggy lavas of the still existing, though no longer active, vents. - 

86. The later Tertiary, as well as the Recent, deposits of interest 

are chiefly of lacustrine origin, the older being similar to thoss 

of the Northern Shan States and Tongldng and probably of late 

and perhaps partly pleistooene, age. 
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86. Hot springs are very numerous in the district of Teng- 
yneh and are regarded as the last manifestations of the earlier 
intense volcanio activity. 

Central Provinces. 
87. The party as constituted for the season 1911-12 consisted 

Dr. L. L. Fen*or, of Dr. Fermor, Messrs. H. Walkor, 0. 8. Fox 

£"!£, t 'c!'kB.'rt£ and Sub-Assistant M. Vinayak Rao ; Mr. R.’ 
■fld Sab-AsiUtaal M. C. Burton having also been added for the 
viuy.li Rso. season 1912-13. 

During the early part of the year, work was carried out by 

Messrs. Fermor and Fox in the valley of the 

Mr^c. S. LF.xT"rb"dd- K^ban river and its bordering hills'. Owing 
war. district. to tho intricacies of the boundaries between 

the Deccan Trap and the Archasan granites 
and gneisses and the thickly wooded and sparsely inhabited character 
of the ground investigated, work was necessarily slow, but a total 
of some 300 square miles was mapped on the one-inch scale 
(Sheet 53, 0. P. Survey). 

88. There is nothing to add to the account of the Deccan 

The Arcbean floor ^ fornmtion 6ivcn in ,he previous report, 
beta* the Decun trip. except to refer to the gradually decreasing 

elevation of the base of this formation as one 
passes from north to South. Thus, near Pardhan Ghogri the ele¬ 
vation of the base of the trap is 2,075 feet, whilst at Koprawari, 
only some 13 miles further Bouth, it is about 1,400 feet. At the 
northern end of the valley the Archa?au rocks are found to join 
the main strip of granites running westward from Chhindwara. 
It is evident from this and from the fact that granites and gneisses 
crop out on the Satpuras to the cast of Seoni, that the Satpura 
range, which at first sight appears to owe its elevation to the pre¬ 
sence of superposed flows of Deccan Trap lavas, is really a feature 
of the pre-Trap Archaean surface. Although there is a gradual 
decrease in the elevation of the boundary between the Deccan 
Trap and the Archaean in passing from north to south, yet this 
change of elevation is locally very irregular and bv means of 
aneroid readings it has been possible to detect many' features of 
the pre-Deccan Trap topography. Thus tho basal flow of Deogarh 
Hill and the underlying Lameta sediments, with those to the south¬ 

west of this hill, occupy an old river valley at least 50 feet deep. 
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89. Detailed examination of this boundary is necessary owing 
to the local variations in the thin band of rock 

• ?L*t*!L%kkiL,i.,hiB,eta usually intervening between the Deccan Trap 
and the underlying gneisses. This band must be 

correlated with the Lametas, since it agrees in many respects with 
occurrences seen in other parts of India; but as the result of detailed 
work it has been found that by far the larger proportion of this Infra- 

trappean formation is not a sediment, but a rock of chemical 
origin formed either by the silicification or by the calcification of the 
underlying gneisses. Every gradation has been found from a fresh 
porphyritic gneiss, through a similar rock partially veined by chert 

and calcite, to a more completely replaced stage, in which the 
gneiss is seen in isolated patches in a network of secondary calcite, 
finally passing into a capping of typical siliceous limestone, to be 

distinguished in no way from the Lameta limestone of other parts 

of India. 

90. In November 1912, Dr. Fermor paid a brief visit to Lameta 
Ghat in the Jabalpur District, the original 
locality from which the rock took its name; 

here he found the limestone to be lithologically indistinguishable 
from the final products of the calcification of the gneisses in 

Chhindwara. The limestone of this locality rests, however, upon 
the sedimentary Jabalpur series of the Gondwana system; it will 
therefore be necessary to make a very careful study of the 

Lameta outcrops at Lameta Ghat and near Jabalpur in order to 
solve this problem satisfactorily. Meanwhile it is interesting to 
note that in thin sections under the microscope the limestone 
of Lameta Ghat itself shows evidence of secondary calcification. 

Provisionally, therefore, it may be regarded as probable that 
a considerable, if not large proportion of the rock mapped as 
Lameta in different parts of India is of chemical origin. This 
would explain the extraordinary scarcity of fossils in the Lameta 

formation. A great variety of rocks have been found thus, 
replaced either by silica or by calcite. Amongst them may be 
enumerated several varieties of granite and gneiss also horn¬ 
blende-schist and crystalline limestone. 

91. The detailed work along the Infratrappean boundaries has 

shown, however, that true sediments also 
occur. These are usually grits of various degrees 

of . coarseness and are probably to be referred to the Laipet* 

Sedimentary Lametai. 
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formation. At two localities Dr. Fermor succeeded in finding fossils. 
One of these was a specimen of Turrilella? in a piece of silicified 
rock near the hamlet of Kotmi, but a prolonged search did not 
lead to the discovery of any further specimens. Whilst numerous speci¬ 
mens of Paludina were obtained from a siliceous grit at the 
second locality (about two miles north-west of milestone 23 on the 
Chhindwara-Nagpur road). The only exposure of the Lameta 
formation of any considerable size is that occupying the valley to 
the south of Deogarh Hill: it consists partly of grits and partly 
of clays. 

92. The evidence concerning the date of formation of these 
calcareous and siliceous rocks is not yet regarded as conclusive by 
Messrs. Fermor and Fox, but in all probability the edification was 
effected by solutions derived from the overlying Deccan Trap 
formation. It is possible that the Lameta limestones have been 
formed by the superficial replacement of the gneisses prior to the 
eruption of the Deccan Trap and the deposition of the sedimentary 
Lametas. If this deduction be correct the calcification and the 
silicification of the gneisses must be assigned to different periods, 
the silicification due to the Deccan Trap having affected both the 
fresh gneisses, the partially calcified gneisses, the so-called Lameta 
limestones, and the true Lameta grits, foesiliferous and unfossiliferous. 
In one place this silicification by the Deccan Trap was found to 
be accompanied by the introduction of heulandite into both the 
gneisses and the silicified limestones. But, on the other hand, it is 
much more probable that the calcification has been effected by 
solutions derived from the overlying Deccan Trap, in which case the 
calcification and silcification are to be regarded as two stages of one 

series of chemical processes. 

93. The Archman rocks in the area mapped are almost entirely 
gTanitcs and ortho-gneisses, metamorphosed 

The Arcbcaa rocks, sediments being practically absent, until the 

south-east comer of the sheet is approached, where, in the neigh¬ 
bourhood of Nautal, crystalline limestones are found in great variety. 
The Arch©an gneisses are divided into two sections by a none of 
intense crushing marked by rolled out and mylonitased gneisses stretch* 
ing for 15 miles in a west-south-west direction from a point two miles 
south of Monkher to a point two miles south-south-west of Dhanora. 
This zone of crushing is accompanied by a strike fault, and the gneisses 
'have been locally brecciated, and to a lar$e extent wplaoed by white 



34 Records of the Geological Survey of India. [Yol. XLIII. 

vein-quartz. In the eastern section this fault-breccia is from 50 to 
100 feet wide and gives rise to steep bluffs and well-marked ridges ; 
but in the western section it is either completely absent or only 
from a few inches up to 5 feet wide. The rock immediately north 
and south of the quartz-breccia is a hornstone-like rock, which, being 
really a mylonitized gneiss, has been termed hornstone-gneiss. This 
belt of crushing extends for about a mile to the north of the quartz 
reef, the degree of mylonitization of the gneiss decreasing with 
distance from the quartz-breccia. The mylonitized gneisses are 
succeeded to the north by intimately associated porphyritic pink 
biotite-gneisses and melanocratic biotite-hornblende-gneisses rich 
in sphene. Still further north the foliation becomes less marked 
and the rocks may in places be termed porphyritic granites. On 
the south side of this quartz-breccia reef the rocks are mylonitized 
for a short distance and then give place to well-foliated schistose 
biotite-gneisses ; and from the field evidence obtained it is deduced 
that the typical schistose biotite-gneisses of the Sausar Tahsil of 
this district may be merely foliated forms of the porphyritic gra¬ 
nites of Chhindwara. The belt of crushing seems to be a fairly 
sharp dividing line between the porphyritic granite on the north, 
with its mylonitised and rolled-out derivatives, and the schistose 
gneisses on the south. Whereas the terms granite and gneissose 
granite would frequently be applied to the rocks on the north of 

the fault, the term gneiss is more generally applicable to those 

on the south. 
94. Amongst the rocks south of the fault there are many varie¬ 

ties extremely rich in hornblende with every 
J«r rcUHoo- gradation between coarse grained biotitio and 

coarse-grained hornblendic gneiss, whilst near 
Nautal a small area of true syenites has been found. Several oc¬ 
currences have been found, also, of microcline-rocks, which must 
be regarded as an extreme variety of syenite. In many places 
throughout the Kanhan valley and that of the Nakta nala there 

are intrusions of pegmatites and of rather fine-grained granites, and 
although both these rocks seem to be on the whole distinctly 
younger than the porphyritic granites and their schistose and 
gneissose derivatives, yet the evidence obtained indicates a general 

relationship not only between the fine-grained granites and the 
pegmatites, but also between each of these rocks and the por¬ 
phyritic granites and associated gneisses, and points to the prob¬ 

ability that all these granites and orthogneisses are magmatio 
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PefinatiteB. 

relatives and have been derived from one magma. This idea, however, 
of a common magmatic origin does not preclude the possibility that 
some of the gneisses may be of considerably greater age than the 
porphyritic granites and their derived gneisses. 

95. The pegmatites are of considerable interest. Some of them 
contain only pink potash-felspar, whilst others 
contain both potash-felspar and a white 

plagioclase, and still others contain only the plagioclase. Some of 
the pegmatite dykes are very coarse-grained in parts and have 
the constitution of fine-grained granites in other parts; one dyke 
in the Nakta nala consists centrally of a fine-grained granite, 
whilst both edges are very coarsely crystalline and have in places 
the constitution of a graphic granite. 

96. In the neighbourhood of Lawaghogri Mr. Fox found a series 
of lenticular outcrops of epidiorite intercalated 

dykc8d,0rltC8 and ba8a,t al°ng the foliation planes of the gneisses. 
They show every gradation between a slightly 

altered doleritc and a hornblende-schist. In the same neighbour¬ 
hood Mr. Fox has also traced several basalt dykes of Deccan Trap 
age traversing the Axchsean rocks, in one case, near Narainghat 
one of these dykes is directly connected with the overlying flow 
of basalt. 

97. The belt of mylonitization and fault-breccia already referred 
to is covered over at either end by the Deccan 
Trap lava flows and it is probable that it 

continues for some distance beneath the trap. If it continues to 
the north-east it should, if still existent, reappear somewhere in 

the neighbourhood of Seoni. 

98. Mr. Walker was engaged in surveying the parte of the 
BetuI district represented bv Standard sheets 

WaUter: Beto1 (1#=1 mile) 36, 37 and 53. The rocks met 
with belong to the samo general groups as 

those of Chhindwara and include chiefly gneisses, Dharvter schists 
and Deccan trap, with Infratrappean and Intertrappean beds in 
places. To the south of a line drawn from Nilajhar (21° 55': 
78° 32') to Amla (21° 55': 78° 10'), the only rock found is Deccan 
trap, whilst to the north of this line gneisses and schists occur. 
On the whole, the gneisses play only a subordinate part; they 

consist of schistose biotite-gneiss with occasional patches and veins 
of aplite and intrusive masses of epidiorite and homblende-sobist. 

d2 

Continuity of fault. 
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Dharwar schists are infolded with the gneiss along its margins. 

The Dharwar rocks comprise three general types, viz., argillaceous 
sediments, as represented by phvllites, to the north of Kalmeshara 
(22° 2': 78° 21'); micaceous quartz-schists and quartzites (meta¬ 

morphosed arenaceous sediments) to the south of the same place ; 
and old intrusive rocks now represented by epidiorites similar to 
those of the Kanhan valley, and found at Bordhai (22° : 78° 23') 
and Hamia (21° 59': 78° 22'). 

99. Of the Infratrappean beds, Mr. Walker regards five small 
exposures, consisting of conglomerates, grits and clays, as perhaps 

of true sedimentary origin; between Nilajhar and Banga (21°5{r: 
78° 25') the trap is usually underlain by limestone and chert, which 
as in Chhindwara, are regarded as due to secondary replacement of 
the underlying crystalline rocks through the contact action of the 

trap. 

100. The Deccan trap is from 400—500 feet thick; the upper 
and lower flows are vesicular and crowded with geodes of quartz 

and chalcedony, but zeolites arc rare. A slight dip to south-west 
has been noticed in the basalt flows. Basalt dykes have been 
found penetrating the crystalline rocks. 

101. Intertrappcan beds occur at three horizons ; they are of 
the usual type and are often foesilifcrous. 

102. The schists and gneisses of the Bel valley show signs of 

considerable disturbance : faults are common, and, in the Dharwar 
schists, are accompanied by brecciation; this lias given rise to a 

series of ridges, which form conspicuous features in the local 

topography. 
103. After accompanying Dr. Fermor for some six weeks and 

having become familiar with the sections in 

Kao!1 Seoat district. * the Nakta nala, Sub-Assistant M. Vinayak Rao 
was sent to commence work on sheet 90 in 

the Seoni district, with special instructions to search for the con¬ 
tinuation of the strike-fault and belt of crushing. He succeeded 

in finding crushed gneisses and in one place a breccia, approxi¬ 
mately where expected. But the dynamic effects seem to be 

feebler in Seoni than in Chhindwara and split up into more than 

one belt. In conformity with this the general distinction between 
more granitic rocks on the northern side of the crush zone and 

more gneissose rocks on the south is leas readily apparent than in 

the K»nha» area. In the time at his disposal Mr. Vinayak Kao 
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nearly completed a preliminary survey of the whole of this sheet, 

the boundaries between the Deccan Trap and Archeean rocks being 
largely obscured by soil. To the south of Seoni a considerable 
area of laterite was discovered resting on the Deccan Trap, the 

thickness of the laterite being in one place as much as 140 feet. 

104. In his progress report Mr. Vinayak Rao reports the dis¬ 
covery of two dykes near the village of Suktara, two miles north¬ 

west of Kanhiwara Railway Station. These have each a very 
irregular course and vary in width from a few inches to 2J feet; 

they are of tachylytic character, with chilled glassy borders. 

Kashmir. 

105. During the summer months Mr. Middlemiss continued the 

revision of tho geology of Kashmir, in exten- 
Mcsirt. C. S. Middle- Bion 0f his work in 1910. Mr. H. S. Bion was 

Kashmir.** ^ S placed, during his first field season, with Mr. 
Middlemiss, and proved himself an energetic and 

capable observer. Work was taken up in the neighbourhood of 
Srinagar and continued round the north end of the valley, including 
also a portion of the Kishenganga drainage, during the first months 

of the season, and afterwards in the direction of the Marbal, Hoksar 
and Changam passes at the south-eastern extremity of the valley. 
Extensive new collections from the various old and some new hori¬ 

zons ot the Silurian-Trias sequence have been made, and the mapping 
of the area in as much detail as possible carried on to a point 
where another season, it is hoped, will see the conclusion of the 

revised survey of the vaHey of Kashmir proper, that is to say, of 

all that portion lying within the Jhelum drainage area. It is also 
hoped that the new 1 inch=l mile maps recently made by the 

Survey of India will be used in this work, which will serve as a 

valuable basis for the larger and more difficult task of mapping 
the complicated metaraorphic areas to the north, including Bal* 

tiatan, the Karakoram and the Hindu Kush. 

lOfi. Among special results attained, the following may be 
mentioned : at Tregam (Trigamma) the limestone mashes, as also 

those shown at intervals beyond to the north into the Kiflhen- 

ganga drainage and west again near Zuaaresh;'were found to be 

interbedded with the old slate system,, and not to belong to the 

Zanskar system. This was verified , by finding at several horizons 
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in the slates interbedded with the limestones a Silurian Orthis 

fauna similar to that of Gugaldar, Gudramer and the Margan pass; 
the agglomcratic slate scries, which comes between the Fencstclla 

scries and the Panjal Trap, and which hitherto had yielded no 

fossils, ha? now been found to contain at least two life zones, one 
coming a few feet below the base of the Panjal Trap and the 
other much lower down. Both are characterised by a rich Syringo- 
thyris fauna, together with a Spirifer allied to S. Lydekkeri Dicn., 

Fenc8tetta> Produchts and Camaruphoria. The lower horizon has so 
far been found only in the Marbal valley on the way towards the 
pass; it is very rich in material and of considerable thickness. 

The upper one is much thinner and i6 found in the Marbal valley 

and also at Nagmarg in Lolab. 

107. A Glo880^>teris flora, with Gangamo/teris and Psygmophyllum 

has also been found just below the Panjal Trap in the Nagmarg 

sections. 

108. In the Manasbal and Pandipur sections, Lydekker’s con¬ 
clusions that no Kuling series is there represented above the Panjal 
Trap was confirmed, and the most probable inference drawn that 

the volcanic activity of the Panjal Trap epoch extended up to the 

base of the Upper Trias in those parts, whilst again in the Imber- 
silwara hill mass, trap appears to be interbedded with the Upper 

Trias in a remarkably clear section. 
109. A very rich Muschclkalk fauna has been found at -many 

new places in the south-eastern part of the valley. In the Marbal 

valley the section from Karbodra down to Prumu in the Tansan 
river shows a wonderfully clear exposure, of about 20,000 feet thick¬ 

ness, through the Silurian-Trias sequence in fine normal folds of 
15,000 feet double amplitude. 

110. It is difficult to exaggerate the importance to Himalayan 

stratigraphy of the many discoveries made by Mr. Middlemiss in 

Kashmir during the last few years, for they have led to the solu¬ 
tion of all those vexed questions which have hitherto barred the 

way to a satisfactory correlation of the various systems in the 
Jhelum basin with their less complicated representatives in Spiti 

and Kumaon. Of the work now under review the most striking 
feature is the complete manner in which Mr. Middlemiss has worked 

out the age of the Panjal Trap which ho has shown to extend 

from Lower Gondwana to Upper Trias in Borne places, whilst dis¬ 

appearing in others at the end of the Permian period. 
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Punjab. 

111. From February until May 1912, Dr. G. E. Pilgrim was 

at work on the northern edge of the Salt 

Sill Range. E Pl,grlro * Range, where he mapped in detail the ossi¬ 

ferous areas round Chinji and between Ilasnot 

and the river Jhelam, collecting fuUy from the various stratigraphical 

zones. The following result* of his observations are regarded by 

Dr. Pilgrim as of chief importance:— 

(1) the occurrence at a low horizon in the Middle Siwaliks at 

Nagri of a fossil fauna believed by Dr. Pilgrim to be 

intermediate in character between that of Dhok Pathan and 

that of Chinji; 

(2) the apparent absence of Hxpparion from the lower 1,500 feet 

of the Chinji beds; 

(3) tho existence of unfossil iferous strata of Siwalik type, 1,700 

feet thick, below the Chinji fossiliferous zone. This had 

previously been noticed by Mr. Vinayak Rao, who had, 

however, assigned the beds to the Gaj; 

(4) in the Chambal ridge near the Jhelam river, a very dis¬ 

tinct unconformity between the Upper and Middle 

Siwaliks. Many feet of Middle Siwalik strata are entirely 

missing including tho fossiliferous horizon of Hasnot, 

the equivalent of that of Dhok Pathan. Going towards 

Hasnot the upper beds gradually come in, and the 

unconformity diminishes, though it U nowhere, perhaps, 

entirely absent; 
(5) the fossils of the basal beds of the Upper Siwaliks at Tatrot, 

Kotal Kund, and some other localities have been erro¬ 

neously united by previous collectors with those of the 

Middle Siwaliks of Hasnot, and Dr. Pilgrim now con¬ 

siders it necessary to remove from the Middle Siwalik 

fauna Hipjnhyus, Sus gujanteu8y certain bovines allied 

to Bos and Anoa and most of the Hippopotamus remains. 

These occur in the basal beds of the Upper Siwalik 

associated with Hipparion, Stegodon, and Mastodon 

sivalensis, it being noteworthy that no. trace of either 

Equu' or Elepkas has been found. 

112. Dr. Pilgrim considers that these facts, taken in conjunc¬ 

tion with the recent discovery by Dr. G. Schlesinger of Elephas 
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j>lanifron8 in a low zone of the middle pliocene near Vienna, afford 

additional evidence for the pontian age of the Middle Siwalik 
fauna of Dhok Pa than and Hasnot. He proposes the following 

classification for the Siwaliks of the Salt Range, based partly on 
his past season’s work and partly on the collections made from 

the Simla hills in 1911 by Mr. Vinayak Itao :— 

Feet above 
base. 

r ik>ui 

; zon 

lik-< Pinji 

Boulder-bed 

zone. 

Upper Siwalik Pinjor zuno 

^ Tatrot zone 

Bliandar beds 

Dhok Patban 

zone. 

Middle Siwalik< 

Nagri zone 

Upper Chinji 

zone. 

Lower Siwalik < Lower Chinji 

zone. 

Lower Monchhar 

s- zone. 

With Camrlus E quit a, Klc- 

pkas hyaudricu*. 

Pebbly sandstones with 

/Jipparion and EUphua 

ploni/nma. 

Conglomerates ami grits with 
Uippurion, H%pixrj*4arrva, 

HippoJiyti* and Mastodon 
xiixilmais. 

UnftjKsiliferoua sandstones 

and clays. 
Sandstones and olays with 

Mastodon, EtegoJon, 

Tfirdttclodon. Hipjnnon, 
large antelopes and gir- 

afToids and Tragoccrva. 

Sandstones and clays with 

Hipparion, large antelopes, 
Ciiniffokcryx and a large 

giraffoid. 
Red nodular clays and sand¬ 

stones with Trirabclodon, 
IJtppanon, Hyana, 

HyoUtcrivm, Giraffokeryx, 

Protrugocerus, and a large 

antelope. 

Red nodular clays and sand¬ 

stones with Tctmfjclodort, 

Hyolhcrium, Giraffokeryz, 

Prolmgoc^rus and small 

antelopes. 

frauds tom** and concretionary 

beds, unfoesibferous in tlie 

Balt Range: in Kind with 
Brachyvdu* and Uyoboope. 

16,900-17.000 

11,500-15,000 

10.000—11,000 

9,500—10.000 

8,500 —9,600 

5,600 

8,200—4,000 

1,700—3,200 

Basal bedh. 
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Preliminary Note on Garnet as a Geological 

Barometer and on an Infra-Plutonic Zone in 

the Earth’s Crust. By L. Leigh Fermor, D.Sc., 

A.R.S.M., F.G.S., Superintendent, Geological Survey of 
India. 

The following notes were originally intended merely to sum¬ 

marise certain speculative investigations pursued by me in Calcutta 

in July-September 1912. The whole matter is 
n ac ory. being dealt with at greater length in a memoir, 

which, owing to various circumstances, cannot be made ready for the 

press for some little time. I have, however, investigated the available 

facts in sufficient detail to feel fairly confident of the general truth of 

the results herewith presented, although their subsequent develop¬ 

ment will doubtless lead to certain modifications. The line of 

thought, commencing with the classification of the Kodurite series, and 

leading rapidly through the consideration of the conditions of 

the formation of garnets to the deduction of the existence of a 

gametiferous infra-plutonic zone of rocks, and to the origin of the 

chondritic structures of meteorites—pressure being the predominant 

factor considered,—ended naturally and logically with the consider¬ 

ation of this physical factor in the evolution of the elements. 

Certain interesting conclusions have followed in this last branch of 

the subject, but, with the exception of the case of radium and 

uranium, 1 prefer to avoid any further allusion to them for the 

present; for it is inadvisable for a petrologist to publish without 

more mature consideration the results of a flying expedition 

into the realms of physical chemistry, where rapid advances 

in our knowledge of the constitution of matter are constantly 

being made and where only the specialist may venture with 

confidence. 

The original manner of compilation of thid summary is 

• responsible for the lack of references to literature, whilst mjr 

absence from headquarters prevents my adding them now ; but such 

references seem unnecessary in a general summary of conclusions. 
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In a paper published in the previous volume of the Records, I 

attempted, by means of the quantitative system of Messrs. Cross 

Iddings, Pirsson and Washington, to classify 

The place of kodurite the kodurite series 'of rocks found in the Vizaga- 

of cUi§iHcaflon.VC *y§ ** patam district, and arrived at the conclusion 

that this system of classification was not suited 

to the purpose. In making this attempt, it was necessary to convert 

the chemical analyses of kodurite and garnet (spandite) rock into 

the standard mineral composition or norm of the American authors. 

Typical kodurite is composed of ortkodase felspar, spandite (man¬ 

ganese-garnet) and apatite. The norm waB found to contain 

orthoclase, leucite, anorthite, hedenbergite, wollastonite, tephroite, 

magnetite, ilmenito and apatite; whilst spandite-rock, when con¬ 

verted into its norm, is expressed as a mixture of anorthite, heden¬ 

bergite, akermanitc, fayalite, tephroite and magnetite. The ques¬ 

tion naturally arose why the spandite-rock, for instance, had cry¬ 

stallised as such, and not as the complex mixture constituting its 

norm. A calculation of the specific gravity of the mode and norm 

in thiB particular case showed that garnet-rock occupied 20 per 

cent, less room than its norm, whilst the kodurite showed a 10 

per cent, smaller volume when crystallised as the mode. Tfiis, 

of course, indicates at once that the conditions favourable to the 

formation of kodurite rather than of its norm are those requiring 

a decrease in volume, namely, those of high pressure. 

If this be the true interpretation, then garnet is, in many 

cases, to be regarded as a geological barometer, 

barometer** * *eolog,ca! and the various rock series associated with the 

kodurite series in the Vizagapatam district may 

also be expected to contain garnets. This is found to be the case. 

Khondalite is composed of quartz, graphite, sillimanite and garnet. 

The common gneissose granites of the district are gametiferous biotite- 

gneises. The charnocldte series, which is normally free from garnet, 

is often in this area very rich in garnets. A continuance of specula¬ 

tion on these lines soon suggested that eclogite must be the high- 

pressure form of gabbro; this is confirmed by the specific gravities 

and chemical analyses of the respective rocks. The deeper one 

goes into the earth, the greater does the pressure become, and 

therefore the more favourable must the conditions be for the < 

formation of garnets. Garnet has the general foimula 3R0.RS0 

3SiOJ9 and since its formation must be favoured by pressure 
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its average abundance should increase with depth below the surface 

of the earth, so long as sesquioxides, such as Fe208, AlaOs and 

Cr203, are present to provide the radicle R208 in the garnet for¬ 

mula. It is customary, however, to regard the plutonic rocks, 

which are typically non-garnetiferous, as the deepest known rocks. 

But the chemical analyses of the majority of plutonic rocks show 

the presence of sesquioxides of iron and of aluminium, indicating 

that under high pressure such rocks should become garnetiferous. 

Therefore it seems legitimate to postulate the existence below the 

plutonic rocks of a shell characterised by garnets wherever a 

sesquioxide radicle exists. For this shell I suggest the term infra- 

plutonic. 

Any rock in the infra-plutonic zone would probably have as large 

a proportion of its constituents as possible 
la ra-p ntoalc lone. arrange(j jn ^ form 0f garnet8> and the pro¬ 

toxides, silica, and excess of alumina, if any, would crystallise out as 

felspars, quartz, and ferro-magnesian silicates free from sesquioxides. 

In this infra-plutonic zone, which must lie at very considerable depths, 

both temperature and pressure muBt be high, and the tendency must, 

therefore, be for those reactions and re-arrangements to take place 

that are accompanied by reduction of volume and absorption of heat. 

The formation of garnet from other minerals, such as pyroxenes, 

olivines, and iron-ores, is always accompanied by a decrease in 

volume ; and it seems customary, and doubtless is correct, to assume 

that the reaction is endothermic, although, as far as can be discovered 

no experimental verification of this supposition has been made. 

One at once searches, of course, for other minerals that might 

be characteristic of this infra-plutonic zone. 

minerals!4raCt<:ri8tlC This branch °* 8ubject has not yet been 
investigated in detail; but in the case of 

carbon it seems obvious that the graphite of the higher zones of the 

earth’s crust will probably be represented by diamond in the infra- 

plutonic zone, on account of the high density of the latter mineral. 

It is thus deduced that garnet and diamond will be two of the 

characteristic minerals of this zone. It is supposed that in the 

infra-plutonic zone the pressure is normally sufficiently high to keep 

the rockB in a plastic-solid condition, and is transmitted in a 

manner somewhat analogous to hydrostatic pressure; this pressure 

has, of course, been termed isostatic. 
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A release of pressure over any given portion of the infra-plu- 

tonic shell would allow the liquefaction of that 
The infra-plutonic portion of the shell under the high temperatures 

crust. prevalent; such liquid rock, on being intruded 

into the higher zones of the earth’s crust, would 

then solidify under less pressure as a plutonic rock. It seems, there¬ 

fore, that, under normal circumstances, we should not expect 

rocks from the infra-plutonic zone to reach the surfaoe of the earth 

without changing into the plutonic form. But in those circum¬ 

stances, doubtless, comparatively rare, in which the isogeotherms 

are lowered more rapidly than the pressure, it can easily be 

imagined that the rock may be able to cool in its infra-plutonic 

form and then, by subsequent earth movements and denudation, 

be exposed at the surface. ITie cclogites may be regarded as the 

commonest example of infra-plutonic rock, and perhaps the diamond 

pipes of Kimberley arc directly connected with the infra-plutonic 

zone. It is interesting to note that diamonds, where found in 

situ, normally occur in basic, and often gametiferous, rocks. 

In some cases, the balance of pressure and temperature must 

be so adjusted that a partial release of pressure on on infra-plu¬ 

tonic rock allows only the outer shells of the garnets to break 

down into pyroxenes, olivines, iron-ores, etc.; some kelyphite zones 

may be regarded as evidence of this process. 

We must, therefore, assume that in the infra-plutonic zone the 

basic rocks are present os cclogites, and the more acid rocks as 

gametiferous granites. Harker, in his Natural 

rc!er^l«Bta,,lC 11'*<>”/ °l Igneoui to'ck*, postulates the existence 
of inter-crustal magma-reservoirs, which are nor¬ 

mally solid, but- become liquid on release of pressure. My conception 

of an infra-plutonic zone extends Harker’s view of scattered magma 

reservoirs, with walls, the nature of which are not considered, 

to a continuous shell round the earth, the whole of which shell 

is a potential magma. This shell, being composed of rocks of the 

consistency of a plastic solid, may afford a cushion upon which 

the isostatic operations of the earth, believed in by some geolo¬ 

gists, have their foundation. Any portion of this shell may be¬ 

come a reservoir on reduction of the superincumbent pressure. 

Later on, the particular portion so liquefied may become solid 

again. Subsequent tectonic movements may cause the liquefaction 

of another patch of this shell, the limits of which do not coincide 
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with, although partly overlapping, those of the previous reservoir. 

During the history of the earth, there may have been, owing to 

changes in the tectonic conditions of its crust, a gradual migration 

from one part of the infra-plutonic shell to another, of the areas 

in which liquefaction of this shell is likely to occur. 

This hypothesis of the shifting of potential magma-reservoirs 

sympathetically with tectonic movements further 

t|0^“,c d,MeV>Ma" suggests a possible factor in magmatic differen¬ 

tiation. On the analogy of meteorites one may 

regard the earth’s crust as becoming, on the average, more basic 

in depth, the composition of the infra-plutonic rone thus being 

generally basic rather than acid. If it be legitimate to assume that 

the rocks of this zone ever had a generally uniform composition, 

then it is necessary to explain how a primary differentiation into 

acid and basic magmas can have taken place. If one examines the 

analysis of any rock from the point of view of its possibility of 

yielding garnets under pressure, it will be seen that certain of its 

constituents, viz., CaO, FeO, MgO, MnO, A1S08, Fea08, Cr808, and 

silica, may be utilized in the formation of garnets; whilst certain 

other constituents, particularly the alkalies, are unsuitable. Let us 

now suppose that a reduction of pressure causes liquefaction of a 

certain portion of infra-plutonic shell possessing a relatively inter¬ 

mediate composition. When the pressure on this section again in¬ 

creases, it will cause resolidification ; but it is not inconceivable that 

during this process the tendency of certain protoxides to compound 

with sesquioxides and the required amount of silica to form garnets 

—thus taking up a portion of the increased pressure by a reduction 

in volume—may cause these very constituents, in an attempt to 

escape from the pressure, to migrate and leave behind a more acid 

residuum. In a portion of the infra-plutonic shell, where there 

happens to be a balance between the temperature and pressure 

leading to many alternations between the liquid and solid phase, 

it is possible that cumulative effects may in this way result, 

leading to a primary differentiation into acid and basic rocks. 

This speculation concerning the constitution of the earth’s crust 

naturally leads to the consideration of meteo¬ 

rites, and in a preliminary note on the origin 

of these bodies, read before the Asiatic Society of Bengal 

(J.A.S.B., Vin, No. 9, pp. 315—324 (1912)), I have advanced reasons' 

tor supposing that chondrules, so abundant in inany meteorites, were 

Origin of ■ctcorttcs. 
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formerly garnets, and that the chondritic meteorites represent rocks 

derived from the infra-plutonic zone of some disrupted celestial 

body. A sudden disruption of this celestial body would cause a 

sudden release of pressure, with the consequent melting of the 

garnets in the highly heated infra-plutonic zone into liquid drops 

scattered through a matrix of solid enscatite and olivine. The 

rapid cooling following upon the scattering of the fragments of 

this body would lead to a rapid freezing or congelation of these 

liquid garnets with the formation of the characteristic structures 

of chondrules. The protoxides and silica of the original garnets 

have crystallised out as olivine and enstatitc, and the surplus ses- 

quioxides have been expelled to the periphery of the chondrules, 

where they are now visible in the form of rims of metallic nickel- 

iron, the reduction of the expelled ferric oxide being presumably 

due to the presence of carbon, hydrogen or carbon monoxide. 

Other evidences of release of pressure are to bo found in the iron 

meteorites. Thus cliftonite was formerly diamond; this has 

suffered a paramorphic change on reduction of pressure whilst 

the temperature was still high. These conclusions from the petro¬ 

logical-point of view agree with the latest views of some astro¬ 

nomers, who now regard our solar system as derived from a rela¬ 

tively cool celestial body disrupted tidally by the close passage 

of a disturbing sphere, the meteorites that reach our earth being 

accepted as fragments of this disrupted body. 

Another speculation naturally follows. The disintegration of 

uranium with production of radium is an ex- 

Effect of prestare oa othermic reaction accompanied by an increase 

uranium. in volume. Scientific investigators lay great 

stress upon the evolution of heat accompanying 

the subsequent disintegration of the radium and various deductions 

have been drawn on the assumption that depth will have no 

effect upon this process. After a study of such information as has 

been available to me in Calcutta, there seems to me to be no reason why, 

under a sufficiently high pressure, the disintegration of uranium should 

not be totally inhibited at a sufficient depth below the earth’s surface, 

this supposition introducing the idea that it is possible by means 

of molar pressure to influence intra-atomic activity. That this 

possibility is almost a probability seems to follow from the work 

of Richards on the compressibility of elements, and the experi- 

pjepts and researches of Humphreys and Mohler upon the dis- 
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placement of the spectral lines. The results of the latter experi¬ 
ments prove that the effect of pressure is to reduce the vibration 
frequency of the electronic corpuscles. If there be any foundation 
for this suggestion that at sufficiently great depths the disintegra¬ 

tion of uranium may be inhibited by the combination of high 
pressure and temperature, then it is evident that speculations, such 
as those on the age of the earth, based upon the disintegration 
of radium, must be accepted .with caution. 
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On Some Occurrences of Wolframite Lodes and 

Deposits in the Tavoy District of Lower 

Burma. By A. W. G. Bleeck, Ph.D., F.G.S. (With 
Plates i and 2.) 

introductory. 

The field-work which furnished all data for this paper, was 

carried out during the months of August and September 1910. 

Only those who have passed through a rainy season in Lower 

Burma can appreciate the difficulties and discomforts of outdoor 

work during these months. In a sparsely populated country, 

where rest-houses are few and far between, and where roads are 

either non-existent, or in a very bad condition, where the jungle 

is practically impenetrable, and finally where the ordinary con¬ 

veyances such as bullock-carts, boats and coolies are difficult to 

obtain, it was naturally impossible to go very far afield, and 

all geological work had to be restricted to observations along the 

line of march, and around the immediate neighbourhood of the 

various mining camps. I have come to the conclusion, however, 

that, although the geological mapping is very incomplete, the data 

collected for petrological purposes comprise practically every tiling 

of importance, as I shall show in the following. 

A serious drawback to all geological and prospecting work in 

the Tavoy District is the absence of suitable topographical maps. 

The only available map is on the scale of 4 miles to the inch, 

and merely shows a few trigonometrical stations, the larger rivers 

and occasional villages and nothing else, in fact it is really a 

blank sheet showing a few fixed points. The map attached was 

plotted from a rough compass survey by Mr. Chater, A.I.M.M., 

and is sufficiently accurate for the present purpose. 

The only important references to the petrology and to the 

occurrence of wolfram ores in the Tavoy District, will be found 

in the Records of the Geological Survey of India, Vol. XXVI, 

Pt. 3, 1893, Vol. XXXVIII, Pt. 1, 1909, and Vol. XXXIX, 1910. 

GEOGRAPHY AND TOPOGRAPHY. 

The Tavoy district in the Tenasserim division of Lower Burma is 

fcpupded to the south by the Mergui District, the southernmpst 
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district in Burma, on the east by Siam, on the west by the Bay 

of Bengal and on the north by the Amherst District. There are 

three main rivers in the district whioh are navigable for consi¬ 

derable distances by oountry boats and even by launches, i.e., 

the Tavoy river and the Great and Lesser Tenasserim rivers. 

The Tavoy river Aowb into the sea at a distance of about 80 

miles below the town of Tavoy. The great Tenasserim river flows 

south into the Mergui district, and the Lesser Tenasserim is one of its 

tributaries. 

The town of Tavoy is the headquarters of the Tavoy district* 

The only other town of importance is Myitha, on the Lesser 

Tenasserim river or, as it is locally termed, the Ban River. Villages 

are few and far between and generally consist of half a dozen 

houses (more or less). Provisions are scarce and very difficult to obtain 

in these hamlets. The population consists chiefly of Burmese, with a 

few Chinese and natives of India. 

With the exception of the flat land bordering the larger rivers 

and streams the country is very mountainous. The general strike 

of the ranges is N.NW.—S.SE. Elevations up to 6,000 ft. are re¬ 

corded. For the most part the country is thickly jungle-clad, with 

high forest, and impenetrable undergrowth. Hill streams and torrents 

are innumerable and most of them carry perennial water. Narrow 

and deeply eroded valleys therefore form a main feature of the 

country. 

The climate is by no means all that oould be desired. The 

jungles are infested by mosquitos, sandflies, etc., and every pre¬ 

caution must be taken to guard against fever. The rainfall is 

a very heavy one, close upon 300 inches per annum, and most 

of this falls between the middle of April and the end of October. 

GENERAL GEOLOQY. 

Within the area shown on the map two distinct types of rock 

are found, i.e., stratified rocks consisting mainly of quart-zites 
and schists, and intrusive rocks of acid types. 

•In the introductory part, I mentioned that the geological 

mapping had of necessity to be left very incomplete, and it there¬ 

fore stands to reason that the stratigraphies! and structural geology 

at the oountry still remains to be unravelled in detail. This 

• > * 
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will not be an easy task for two main reasons. In the first place 

outcrops, especially continuous outcrops, are, as far as I could 

judge, rare. This is due to the heavy forest growth. In the 

second place the nature of the stratified rocks does not lend itself 

readily to the drawing of conclusions of stratigraphical value over 

large areas, as the stratified rocks constantly change their texture 

and appearance chiefly owing to the varying degree of metamor¬ 

phism which they have suffered from the contact with the intrusive 

rocks, and also owing to lateral variations in their primary sedi¬ 

mentary deposition. Thus I was not successful in locating any 

characteristic bed which could have served as a distinct geological 

horizon. To fix upon any sandstone or quartzite bed was out 

of the question, as neither texture nor colouring is sufficiently 

distinctive. There are several conglomerate beds, which might have 

been taken into consideration, but even these are of doubtful 

value for stratigraphical purposes for the above mentioned reasons. 

This also applies to the shales. There is, however, one charac¬ 

teristic bed of carbonaceous shale, which might answer the purpose. 

This shale, which is locally metamorphosed into a graphitic, chias- 

tolite schist was found near the 11th milestone on the Tavoy-Myi^ha 

road, again almost opposite to Tavoy on the right bank of the 

river, again on the road from Shintabi to Pa chaung and again 

close to the mining camp near Kadwe. On comparing specimens 

from the different localities it was found, however, that the likeness 

was not very great, and no stratigraphical or structural conclusions 

could therefore be drawn. 

Naturally no estimate can be made of the thickness of the 

whole ground of sedimentary beds until the structure has been 

unravelled. The dips of the stratified rocks throughout the area 

examined are to E., ENE. or ESE., at angles of 45° and steeper, 

the strike therefore being to N., NNW. or NNE. 

Unconformities in the stratified rocks, as well as faults, may 

exist but could not be recorded. This is all I venture to say about 

the structure of the rocks. 

The whole group of stratified rocks has been termed the Mergui 

series because they were first discovered in the Mergui district and 

thence traced into Tavoy. The geological age of these strata is 

uncertain. The Mergui series in Tavoy is quite unfossiliferous. The 

question of a possible correlation of these beds with others of 

known age, studied iq other parts of Burma, may possibly be 
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decided by a long campaign of field-work and would be of 

considerable scientific interest. For the purposes of the present 

discussion, however, this point is of no importance. 

The second type of rock which occurs in the district examined 

is granite with all its various modifications, apophyses, etc. The 

granite is intrusive into the strata of the Mergui series and therefore 

younger than the latter. The intrusive granite has so altered the 

texture and mineral composition of the strata by contact-metamor- 

phism, that their original appearance is completely changed. 

It appears that the granite was intruded into the strata of the 

Mergui series during the time that the folding movements took 

place; it generally occurs in elongated bosses and very often forms 

the backbone of individual mountain ranges. 

Both types of rock have their characteristic form of weathering. 

In the valley the granite weathers and decomposes into a coarse 

gravel consisting of the various mineral constituents of the rock. 

On the hill sides it shows smooth surfaces wherever the sides of 

the bosses are steep. An outward inclination of the natural di¬ 

vision planes is distinctly noticeable, by reason of which the rook 

splits into large flat or rounded boulders. 

The stratified rocks weather into a ferruginous earth, which, 

however, forms but a thin layer (a few feet) over the undecomposed 

rock. Undoubtedly the heavy rainfall of the country accounts for this 

thin covering of decomposition products. I may add that no laterite 

was mot with. The rate and mode of decomposition, as well as the 

conditions of concentration of the mineral matter, are obviously not 

favourable for the formation of laterite. 
0 

Following the Myitha road from Tavoy I found continuous 

outcrops of stratified rocks of the Mergui series as far as the 

18th mile. The road cuts across the strike of these strata and 

thus exposes a long section of these rocks. The quartz veins 

traversing the strata are very numerous and apparently all barren 

of ores of any description. Near the 18th mile granite was found in 

situ and with the exception of a small inlier of stratified rocks 

continues as far as the 22nd mile. The granite hills on the right 

banks of the Pauktaing chaung are capped by the stratified, 

rocks. 

On the right bank of the Tavoy river stratified rocks of the 

Mergui series were again met with practically opposite, and to 

. *2 
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the north of, the town of Tavoy. A few miles further south the 

hills are formed by bosses of granite. 

On the road from Tavoy to Maum^meshaung and thence on to the 

mining camps at Kadwe and Kadindo the strata of the Mergui 

series alone were found. Again these rocks are traversed by 

numerous quartz veins. 

Following the route from the confluence of the Talaigna Chaung 

and the Tavoy river to Talaigna and across the Bolin taung 

(taung = hill) to the mining camp at Kalonta (No. 5) both granite 

and stratified rocks were encountered. The granite forms the 

eastern slope of the Bolin taung and crops out again in the valley 

near the mining camp. 

On the right bank of the Talaigna chaung (river) rocks of the 

Mergui series border the narrow valley. Along the Kyauk chaung, 

however, as far as the mining camp on the By auk chaung, huge 

granite bosses form the hills. Near the By auk chaung mining 

camp (No. 3) strata of the Mergui series were found along the 

northern slopes of the hills. 

On the road from Sintabi to the mining camp near Pa chaung 

(No. 1) the road reveals a Berios of outcrops of the stratified rocks. 

In the main range of hills to the west of Pa chaung a small 

outcrop of granite was discovered. 

PETROLOGY AND MINERALOGY. 

The Stratified Rocks of the Mergui Series. 

The stratified rocks are divisible into two main groups, viz., 
quartzites and schists. The occurrence is that 

loty!***0**aBd mtoer#’ °f alternating beds, the quartzites predominat¬ 
ing. These rocks have a distinctly stratified 

appearance and show good bedding planes. 

The quartzites again can be subdivided into two classes, the 

sandstone quartzites and the conglomerate quartzites. The only 

difference between the two is that the conglomerate quartzite 

contains numerous rounded quartz pebbles as against the fine¬ 

grained, even appearance of the ordinary quartzites. 

The colour of these rocks varies from a light grey to a light 

green. They have a distinctly vitreous appearance. For the most 

part they are very hard and break with a jagged splintery fracture, 
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Near Pa chaung the quartzites have more the appearance of 

sandstone*. These latter rocks have a fine-grained texture, are 

of a greyish brown colour, and lack the vitreous appearance and 
splintery fracture. 

I now propose to give a description of a series of typical 

metamorphosed sedimentary rocks. The names of the places where 

they were found, and all the necessary details for record are also 

appended. Some hundred odd specimens of these rocks were 

examined microscopically. Of similar specimens from the same 

or adjoining localities the most typical have been chosen. For more 

convenient reference the specimens have been numbered. 

A. Specimens collected on the road from Tavoy to Wagon.—A series 

of specimens taken from opposite the Pagaye bungalow ranging 

from ordinary quartzites to graphitic chiaatolite schists: 

1. a black graphitic schist, very friable, with an occasional 

thin hard band of black quartzite* Under the microscope a 

few clastic grains of quartz and sericitic matter were discernible. 

The greater part of the slide, however, was obscured by graphitic 

matter; 

2. this specimen was exactly similar to the one just described 

but showed one perfect cross section of an andalusite crystal; • 

3. in another specimen of practically the same megascopio 

appearance as no. 1 the graphite was not so abundant and 

occurred in thin alternating bands together with sericite and 

chlorite. The quartz grains lie very close together and are 

cemented by a second generation of quartz and chalcedony; 

4. in another series of specimens of the black graphitic schists, 

as described in 1 to 3, and which occur interbedded with these, 

there are several thick beds of graphitic chiastolite-sillimanite 

schist. Both the chiastolite and andalusite are easily discernible 

megascopically as thin light-grey or white needles up to an inch 

in length and measuring one*twelfth of an inch in cross sections. 

Microscopically all these schists are in every way similar to those 

described in specimens 1 to 3. A few needles of sillimanite were 

also observed and an excellent basal section was obtained under 

the microscope, by which the sillimanite was .easily identified. 

All these crystals of andalusite and sillimanite are ranged wit^ 

their main axes parallel to the lines of stratification. I had a 

sample of this schist analysed for carbon contents, and the analysis 

gave a percentage of 2*9 carbon (sample dried at 100°C) * 
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6. in other sections of specimens similar to No. 3 sillimanite 

was observed closely intermingled with the Bericite and very twisted 

and bent, but the crystals were generally ranged with their long 

axes parallel to the bedding planes of the schists; 

6. a series of schists directly in contact with those described 

in 1 to 5. These schists are harder and more gritty and become 

less and less graphitic, as they recede from the actual graphitic shales. 

They can generally be described as dark-grey, compact schists 

or as hard, light-grey schists. Microscopically they closely re¬ 

semble the specimens, already described excepting that the andalusite 

disappears at once and the graphite gradually decreases in quantity, 

ultimately disappearing altogether, when the schists merely con¬ 

sists of sericite and of the two generations of silica, namely, the original 

clastic and fused grains and the subsequently infiltrated quartz 

and chalcedony. The latter often occur in distinct layers and give 

to the rock the megascopic appearance of a striated schist. Neither the 

quartz nor the aggregates of sericite and chlorite show any extra¬ 

ordinary megascopic features and therefore do not require special 

description. 

This class of schist undoubtedly forms the transition series ffom 

schist to quartzite. The difference between the schist and the quartzites 

is really a very small one. The analyses of the schists as com¬ 

pared with those of the quartzites must of course be in accordance with 

the mineral composition as readily recognised microscopically and should 

therefore show but a slightly higher percentage of alumina than 

the quartzites. Another mineral that producee a schistose appear¬ 

ance is the graphite and in a lesser degree the andalusite and 

sillimanite. In the preponderance of their main constituents, 

however, and in the mode of occurrence of the clastic and 

secondary quartz and chalcedony, the schists and the quartzites 

are microscopically very much alike. 

I now turn to a series of quartzites which, apart from the 

above schists, constitutes the greater part of the contact-metamor¬ 

phosed clastic rocks between Pagaye and Wagon ; 

7. a light-grey, very friable rock resembling a very fine-grained 

sandstone. It often assumes a striated appearance resembling 

lines of stratification. Microscopic investigation shows that the 

rock consists of tiny fused quartz grains cemented by quartz and 

chalcedony. Thin layers of sericite and chlorite form regular bands 

jrifchin this quartz mass. The proportion of quartz to the other 
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minerals is about 9 to 1; no doubt tbe thin layers of sericite 

give the rock its banded appearance; 

8. a very hard, dark-brown, grey or green rock of vitreous 

lustre sometimes resembling serpentine, more especially on the fresh 

splintery fracture. The microscope reveals the following mineral 

constituents: quartz, predominating, the single grainB showing 

jagged edges; chalcedony forms the cementing material; sericite 

and radial chlorite aggregates, highly pleochroic (probably pcnnine), 

and a few crj’stals of iron pyrites were observed. In this species 

of rock quartz always largely predominates; 

9. this is a very hard brown, grey or greenish rock of vitreous 

lustre and in every way, both megascopically and microscopically, 

similar to no. 8, excepting that it contains large rounded pebbles 

of quartz up to an inch or two inches in diameter; 

10. another 6pecies of quartzite, which microscopically closely 

resembles no. 8, has a dark or light-grey and striated, banded 

appearance and is either very hard with a splintery and vitreous 

fracture or else has a more sandstone-like appearance. The striated 

appearance of the rock is caused by the chlorite and sericite minerals 

forming alternating layers with the quartz parallel to the stratification 

of the rock. 

These different types of schist and quartzite show fairly uniform 

modes of weathering; but weathered rocks very often give the 

impression that a new type of rock has to be dealt with. A 

long series of such weathered rocks was examined microscopically, 

and it was always found that their mineral composition was exactly 

the same as that of types 1 to 10, as above described, excepting 

that they were more or less iron-stained. These rocks generally 

resemble a red, more or less friable sandstone or clayey shale. 

This is very noticeable on the road from Tavoy to Wagon. The 

colour of the road is red and a tough red mud is formed during 

the rains. 

B. Specimens collected on the road from Shintabi to Pa chaung.—From 

a study of a collection of hand specimens from this locality it im¬ 

mediately becomes apparent that schists and even shaleB predominate 

over quartzites. The latter have more the appearance of sand¬ 

stones. The mineral composition microscopically is almost identical 

with that of the specimens collected on the road from Tavoy to 

Wagon. 
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11. the first outcrop! met with on the road from Shintabi to 

Pa chaung are dark-grey or black graphitic shales, containing also 

chiastolite and sillimanite. They are practically the game rocks 

as those described in nos. 1 to 5. The only slight difference 

worth mentioning is that the quartz is rather less predominant 

and the schistose structure, megascopically and microscopically, 

more pronounced ; 

12. a series of arenaceous schists of a dark or light grey colour, some 

slightly foliated, others with a silky sheen. Ten specimens collected 

all along the road were examined microscopically and it was found 

that their mineral constituents were almost identical. The propor¬ 

tion of quartz to sericite varied of course, but, generally speaking, 

these schists correspond very closely to the quartzites described 

under nos. 7 to 10. The primary quartz is generally finer grained. 

Pvrite was found in every slide. In the whole series of rooks 

rutile crystals are very common, the latter very often occurring 

as inclusions in the larger quartz grains; 

13. a typical light-coloured sandstone, containing large nodules 

and layers of iron pyrites, and well stratified. It was found in 

the Nienni chaung. Microscopically it is identical with no.% 8 or 

no. 9; 

14. a brick-red shale with numerous white spots, evidently de¬ 

composed. It was found near the top lode on the Pa cliaung range. 

The microscope reveals large grains of clastic quartz which form 

the white specks embedded in an indefinite, iron-ctained ground- 

mass. 

The weathered types of all these rocks are identical with those 

described under noe. 1 to 10. 

The metamorphosed sediments cropping out on the road from the 

camp on tho Talaigna chaung to Byauk chaung are of a district 

type: 

15. the schists found along the Chauk chaung near the Talaigna 

chaung are hard grey-green schists with black spots. Microscopically 

they consist of chlorite minerals (pennine), often in sph®rulitic 

aggregates> and a *ew grain* of quartz ; 

16. a second specimen from the same locality contains numerous 

crvstals of ottrelite. 

The schists on the Byauk chaung were too decomposed to allow 

0f oareful study. They were represented by brick-red ferruginous 
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clay. The following are specimens of metamorphosed sediments 

found on the route from Talaigna across the Bolintaung to Kalonta; 

17. a grey to green quartzite with a vitreous fracture similar 

in every respect to no. 8, found west of Bolintaung. The same kind 

of schistose quartzite often with a banded appearance, also occurs 

on the eastern slopes of the Bolintaung and along the eastern ridges 

of this hill. A little microscopic rutile was found in all these 

specimens. 

Finally a series of metamorphosed rocks collected on the road 

from Maungmechaung to Thangazon and from the Kadwe and 

Kadindo ranges was examined. Every kind of 6chist, graphite 

schist, chiastolite schist, etc., and quartzite as described under nos. 1 

to 10 was met with, but no other types whatsoever of the Mergui 

series of rocks were discovered. 

The appearance and peculiarities of the decomposed rocks of 

the Mergui series have already been described in a previous short 

paragraph for one special group noS. 1 to 10. This description 

applies to all the metamorphosed sediments. 

It is of couree obvious that the 17 specimens above described 

do not represent 17 defferent species of metamorphosed sediments. 

The description was deemed necessary to emphasize the likeness of 

the various specimens collected from different localities! 

There are two minerals of special interest, one of which has not 

been mentioned, namely, tourmaline and andalusite. The former 

was observed microscopically in almost every slide. Both minerals 

aro typical of contact metamorphism. It has already been pointed 

out that the granite has altered all sedimentary rocks through 

contact metamorphism. Both the presence of tourmaline and of 

andalusite confirm this. Moreover, the andalusite points to metamor- 

phism under comparatively low pressures, this mineral being the 

member of the Al,SiO( group with the smallest specific gravity. 

In the foregoing, the rockB of the Mergui series have always 

been described as metamorphosed sediments. It would be of some 

interest to traoe back the original appearance and composition of 

these sediments. The grapliitic shales were originally, before meta¬ 

morphism, undoubtedly ordinary shales having a. mineral composi¬ 

tion in which clastic quartz predominated with aluminous silicates 

and carbonaceous or other organic matter. The quartz remains, 

the aluminous silicates are represented in the metamorphosed rocks 

«e sericite and chlorite, the latter being the metamorphosed product of 
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any ferro-magnesian clastic material, whilst the organic matter is 

turned into graphite. The andalusitc is in all probability derived 

from hydroxides of aluminium, which always exist in sedimentary 

rocks, together with free silica. Infiltrated silica forms the cement¬ 

ing material, which appears as secondary quartz and chalcedony. 

The quartzites are undoubtedly the metamorphosed products of 

conglomerates, sandstones, more or less argillaceous, and arenaceous 

shales. Their outward appearance suggests this in the first place. 

In the second place, their mineral composition and micro-structure 

is a definite proof. Infiltration of silica filled up the interstices of 

the sandstone and made the rock compact. The micaceous matter 

was probably an ordinary constituent of the sandstone or was 

formed by scricitisation of clastic felspar, whereas the chlorites were 

derived from the clastic fcrro-inagncsian silicates. 

Most of the tourmaline and some rutile are entirely new con¬ 

stituents of these metamorphics, and have been introduced by 

pneumatolitic processes from the intrusive granite. 

The great similarity between all the specimens of metamorphic 

rocks collected from different localities and representative of a 

large area topographically, proves not only that the form of meta- 

morphism must have been identical everywhere, but that the 

sedimentary rockB themselves must have been represented by a 

very uniform series of shales, sandstones and conglomerates. This 

of course is a general statement and made without prejudice to the 

faot that the effects of contact metamorphism are less pronounced 

in some localities than in others, and also without prejudice to 

possible lateral variation of the sediments. 

The Igneous Rocks. 

These rocks are all of acid type and are mostly granites. 

Specimens intended for microscopic examination were only 

collected wherever the granite was in direct contact with the 

wolfram lodes. Thus the granite which occurs near Pa chaung, 

on the Talaigna and Byauk chaung as well as on the Kadwe 

and Kadindo ranges, was not examined microscopically. These 

latter granite occurrences all show an ordinary holocrystalline 

structure and appear to be the ordinary form of biotite granite. 

The following is a description of a series of granite specimens col* 

jected in the vicinity of the 21st mile on the Tavoy-Wagon road: 
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18. an ordinary light-grey biotite granite of the usual holocrys- 

talline structure. In some places it becomes coarser-grained and 

of pegmatitic appearance. Microscopically it was found to contain 

quartz with minute liquid inclusions, also orthoclasc with liquid 

inclusions as well as inclusions of rutile and plagioclase, deter¬ 

mined as oligoclase-andesine, with tiny inclusions of biotite. The 

following is a complete analysis of this granite :—* 

SiO- • • • • • • • • 74-65 

A,A • • • • • • • • 13 48 

FoA • • • • • • • • 0-07 

FoO • • • • • • • • 0-89 

SnO.. • • • • • • • • • none. 

MgO • • • • • • • • 0*38 

CaO • • • • • • • • 0*15 

NajO • • • • • • • • 4-93 

KjO • • • • • • • • 4*65 

TiO„ • • • • • • • • trace 

PA • • • • • • • • 003 

MnO • • • • • • • • 0-25 

H20 .... 

(Sample dried at 100°C.) 

• • • • 0*55 

100-03 

19. Granite-porphyry. Large phenocryBts give this granite its 

porphyritic appearance. The plagioclase was again determined as 

oligoclase-andesine. The individual crystals contain numerous vesi¬ 

cular inclusions in their centre and often show the initial stages 

of sericitisation. Accessories such as rutile, zircon and perowskite 

were detected in various slides. A partial analysis8 of this granite 

showed the following proportions of silica, lime, magnesia, soda 

and potash and some accessory cassiterite:— 

Per cent 

Silica. 74*51 

Lime.. * 2*61 

Magnesia.. • 0*21 

Soda.5*99 

Potash.. . • . 2*61 

Tin. 0*15 

(Sample dried at 100°C). • • 

* Analysis by C. 8. Fawcitt, F.C.8. 
* By C. 8. Vawoitt, F.C.8. 
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Tin-stone as an accessory is interesting and will be referred to in 
a later paragraph. 

These are the two typical granite types from the vicinity of 
the 21st mile on the Wagon road. Aplitic or pegmatitic apophyses 
were not observed, although this does not imply that they do 
not exist. 

A second scries of granite specimens examined is that of the 
Bolintaung, near the Kalonta concession: 

20. a fine-grained, very light, grey-green granite from the Bolin- 
taung. Plagioclase appears to be entirely absent. Besides felsoer, 
the predominating minerals are biotite and muscovite. Tourmaline 
and zircon are the accessories; 

21. a very fine-grained, light-coloured granite. Microscopic exa¬ 
mination shows preponderating plagioclase (oligoclase and albite), 
orthoclase, quartz and biotite. The individual plagioclase crystals 
are usually large; 

22. a granite similar in appearance to no. 21, but showing less 
plagioclase. Muscovite again appears; rutile and very little tin¬ 
stone are the accessories. 

The following is an analysis1 of granite no. 21:— 

SiO, 

A1,0, 
FeA 
FcO 

BiO, 

SnO, 

CaO 

MgO 
KsO 
Na,0 

MnO 

MoO, 

PA 
H,0 

Per cent. 
7814 

12-54 
0-12 
0-86 
0-03 

nil 

0-44 

012 
3-20 

3-79 

0-12 
009 

traoe 

0-46 

99-91 

W 
Ti . 
s 
(Sample dried at 100° C). 

1 By C. S. Fawoiti, F. 0. S. 
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23. A greyish-green, very fine-grained rook resembling the quart¬ 

zites, but without their splintery and vitreous fracture. It is com¬ 

posed chiefly of ordinary amphibole (green and slightly pleochroic) 

and spheerulitic chlorite, some plagioclase, in advanced stages of 

alteration into zoisite, and also some quartz. This rock was 

found in contact with the true quartzites and close to the granite. 

It was impossible to determine whether it occurred as a vein in 

the quartzite or as a contact rock between the granite and the 

quartzites. A specimen was collected on tho western slope of 

Bolintaung. 

The form of weathering of the granite has already been men¬ 

tioned. Distinct directions of Assuring were observed, more espe¬ 

cially in the granite occurring between the Talaigna and Bvauk 

chaungs. The directions were NW and NNE; the fissures were $ 

filled with quartz. 

It has already been pointed out that the metamorphism of the 

stratified rocks is true contact-metamorphism brought about by 

the above igneous rocks. It is quite impossible to estimate the 

width of the contact zone from any special observed occurrence 

of granite or to form any estimate of the intensity of the meta- 

morphic action. The only other point of interest is that the granite 

becomes in many places porphyritic when in contact with the 

sedimentary rocks. The reason for this porphyritic structure is 

probably explained in quite a simple way. Where the granite- 

magma came into contact with the porous sandstones (now meta¬ 

morphosed into quartzites) it must have lost a large proportion of 

its magmatic waters. These waters no doubt were the main meta- 

morphic agents in the sedimentaries. The loss of this magmatic 

water must have increased the viscosity of that part of the magma 

which was in contact with the sandstones. The higher viscosity 

near the contact then influenced the resulting crystals with regard . 

to the order of their crystallisation. In this order of crystallisation 

the accessories and micas may be neglected as their crystallisation 

velocity in all probability makes their crystallisation independent 

of the gradually increasing viscosity. The first mineral to be affected 

ia the plagioclase as it crystallises more slowly and yet earlier than 

tile orthodaee and quartz,—this on account of its higher melting 

point. Thus the plagioclase would grow and form phenocrysts, 

displacing the more slowly growing crystals of quartz and ortho* 

claae. The comparatively high percentage of soda shown in the 
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second analysis also points to predominating plagioclase. Evidently 

the plagioclase was an excess component above the eutectic com¬ 

position of the “ contact magma ” and therefore had to separate 

first. The growth of these plagioclase phenocrysts then continued 

until the eutectic point had been reached for the remaining com¬ 

ponents of the magma, from which point onwards these latter 

crystallised in their normal order, as they appear in the ordinary 

granite. This point was evidently reached before all the plagio¬ 

clase had crystallised, as there are still numerous crystals of plagio¬ 

clase which show no signs of zonal growth, although all the pheno- 

crystfl do. The partial analysis (no. 2) does not show any un¬ 

usually high percentage of silica nor do any new minerals appear 

in the slides which might point to any resorption of new mineral 

matter from the contact sediments. 

The Mineral Veins and Lodes. 

For the purpose of their mineralogical and petrological discussion 

no distinction can be drawn between ore-bearing lodes and barren 

quartz veins since I regard the ores simply as local accessories of 

the quartz veins. It should of course be mentioned that 'some 

barren quartz veins are of secondary, that is, non-igneous origin; 

these are excluded from this discussion ; it would be difficult to 

distinguish them from the primary and igneous veins and they 

will probably be of very minor importance. . 

Quartz veins are very numerous throughout the country examined. 

They vary in width from a fraction of an inch to 12 feet and more 

in thickness. The thickness of each individual vein varies again 

along the strike and to the dip. 

A large number of quartz veins was observed in the granite 

along the 21st mile on the Tavoy-Wagon road. Here they are 

more frequent near the outer margin of the granite and near the 

contact with the metamorphic rocks. The veins stand almost 

vertical and appear to dip in towards the centre of the granite 

boss. The road opens out a section through the metamorphic 

rocks, the granite and the mineral veins. 

In the granite-mass between the Talaigna chaung and the Byauk 

chaung the quartz veins strike in the same direction as the main 

fissures of the granite, viz., NW and NNE. Nothing definite 

can be said about the varying thickness • and the oontinuity of 

the lodes withij* the granite tone, The. lodes were evidently 
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formed in irregular contraction fissures near the outer margin 

of the granite. Individual veins, each one continuously varying 

in thickness, have been traced for considerable distances (a 

quarter of a mile or more) in the granite, but only along the 

strike. Nothing as yet is known of the conditions to the dip. 

The main strike of the quartz veins in the metamorphic rocks 

either corresponds to the strike of the country or runs at almost 

right angles to this strike. In connection with this it can be 

clearly observed that the veins following the bedding-planes of the 

metamorphic rocks are generally of a very uniform thickness and 

structure over long distances, whereas the veins crossing the bedding- 

planes of the metamorphic rocks are not at all uniform in thickness 

or persistent in their length of strike. These latter have been split 

up into numerous little leader-veins and constantly separate and 

unite again. The re-union of these lodes is very often brought 

about by the tendency of the separate leaders to follow some 

distinct bedding-plane in the metamorphic rocks but, owing to the 

continuous separation, the original lode soon disappears entirely 

along the strike. 

As the quartz veins stand the weathering very much better 

than the country-rock, they generally stand out prominently and 

can easily be traced over the hill-sides. Wherever they break up, 

numerous irregular pieces of quartz are strewn over the ground. 

The walls of the quartz veins in the granite are usually distinct 

so that the lode parts easily from the country. On the other hand it 

has been observed in a very few places, usually in the granite, 

that the veins were frozen to the “ country/' " Horses " of granite 

within the lodes are fairly frequent, fchis granite being of an 

altered appearance and containing a great deal of chlorite along 

the contact borders. A concentration of micaceous minerals in the 

country-rock and along the contact walls of the veins is very 

common. 

The walls of the veins within the metamorphic rocks are 

always distinct. 
Faults were not observed, but they will probably be discovered 

where the veins occur in the metamorphic rocks, since considerable 

orogenic movements in the metamorphics must have taken place 

over long periods of time in consequence of the extensive intrusions 

of the igneous rocks, and after the cessation of the post-volcanic 

activity as evidenced by the mineral veins and lodes. 
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According to their mineral contents the lodes of the Tavoy 
district, so far as I was able to visit them, can be divided into three 
subdivisions having regard to the ore-contents of the lodes :— 

1st, the wolframite-quartz lodes; 
2nd, the cassiterite-quartz lodes ; and 
3rd, the wolframite greisen. 

The wolframite-quartz lodes are the most important of this group. 
Of the other two lodes only one of each was observed. They will 
be treated separately at the end of this section. 

The wolframite occurs in scattered and irregular patches in a 
white opaque mass of quartz. Single crystals of wolframite up to 
3 and 4 inches in length, as well as large masses of crystal 
aggregates weighing up to 90 lbs., are sometimes found, forming 
the visible ore of the lodes. On those lodes, which have been 
proved to be ore-bearing, long stretches apparently carry no wol¬ 
fram values whatsoever. Then again the quartz is studded with 
single wolframite crystals, or aggregates of such crystals, for con¬ 
siderable distances. It is thus impossible to estimate, even approxi¬ 
mately, the ore contents of any of these lodes. In order to arrive at 
the percentage of wolframite in the lode, bulk-sampling on a large 
scale would have to be carried out. I have already mentioned 
that a large number of barren quartz veins were observed. The 
quartz of these veins is very similar in appearance to that of the 
wolframite-quartz veins. Considering the erratic occurrence of the 
wolframite in the lodes, I am of opinion that these barren quartz 
veins are in some part or another ore-bearing, and that in all 
probability one and the same lode may carry wolframite values 
for a short distance and then run into a perfectly barren quartz 
lode which may continue barren for considerable distances. The 
relationship between the wolframite-quartz lodes and the barren 
quartz lodes has yet to be established, but when lode-mining is 
seriously undertaken it would be of considerable importance to 
follow the outcrop of a wolframite-quartz lode or as many of these 
lodes as is possible, merely to ascertain whether a wolframite- 
quartz lode is ore-bearing throughout or whether it may run into 
an absolutely barren quartz lode. 

At the present stage of exploitation nothing can be said with 
regard to the relationship of roe contents of the lode to the country 
rock. The lodes are alike in appearance, both in the granite and 
in^the metamorphic rooks. 
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Equally there are no data available as to whether the lodea 
increase or decrease in richness at depth. Wolframite lodes, need¬ 
less to say, can never show any secondary enrichment. 

A distinct relationship exists between the richness of lodeB and 
the Btrike of the lodes. Lodes running against the general strike- 
direction of the metamorphic rocks are apparently richer than 
lodes following the strike-direction and this more especially, wher¬ 
ever the lode changes its direction of strike. Observations of this 
kind were made at Kadwe. 

• • 

The following arc the individual minerals which were observed 
in the lodes :— 

Quartz.—This mineral forms the gangue of the lode. It is of a 
milky white and very compact appearance and has a- vitreous 
lustre on the fractured surfaces. In some localities. it is honey¬ 
combed and iron-stained along the outcrops, notably at Kadwe. 
This honeycombed appearance is probably due to the decomposition 
of sulphides in the lode. Very often the quartz showB numerous 
little cracks and veinlets containing red oxide of iron.* Micros¬ 
copically the quartz generally contains numerous vesicular inclusions. 
The extinction is undulatory. A large number of specimens from 
different lodes and localities were examined and everywhere the 
quartz showed the same appearance and properties. 

Wolframite and tungsten ochre are the oidy wolframite ores of 
any economic value found in the lodes. 

A typical variety of the wolframite contains about 76 per cent, 
of tungsten trioxidc. The colour of the mineral is dark, iron or 
reddish-black. The crystals are monoclinic. The specific gravity 
is nearly 7*3. Tungstitc (yellow ochre of tungsten), is found in 
very small quantities together with wolframite and very often forms 
a thin yellow coating over that mineral. Tungstite is undoubtedly 
a product of decomposition of the wolframite. The latter ore is 
found both massive and in crystals or aggregates of crystals.. On 
several good wolframite crystals from Tavoy, I have observed crystal • 
faces with longitudinal striations, orthopinacoids terminated by 
ortho domes. 

Mica.—Four distinct members of the mica division occur in 
the lodes. The size of a single flake of any of them is small, 

generally under one-eighth of an inch in diameter. They ooour in 
Agio flakes and in aggregates of crystals. The commonest variety 
it .mutoovite, of which small colourless or yellow flakes oocur 

- p 
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No. 1. n No. 3. No. 4. B 
Per oent. Per cent. Per oent Per oent. Per oent. 

8iO, (free) • • • • 80-15 70-40 90-55 84*49 86*89 
i 

„ (combined) • • • • • • • • • • • 0-83 

FcA • • • • 0-92 0*19 0-64 0*91 
• 

FeO • • • • 2*95 4-00 028 1-44 1*16 

AfjO, • • • • 2-76 1-65 0-85 0-78 6*76 

PbO.CuO . • • • • • • • • • • 0-07 

BiO, • • • • 0-07 Wn trace • • 

SnO, • • • • trace • • • • 0-76 • • 

MnO • • • • 0-36 0*42 

• • • • • • • • • • 

CaO . • • • • 1-66 1 0*41 ljw. i'l 

MgO. . • • • • 013 0*08 0*18 

Kfl . . • • • • 1 99 
trace 0-20 1-20 

Na,0 • • • • • • 0-25 trace 0*29 0*05 

A*»°, • • • • • • 
1 

.. \ trace • • • • 

MoO, • • • • 0*58 0-12 0*67 

wer. • • • • 12-32 14-36 • • 8*67 • • • 

• • • • 11*58 1*33 • • 0-30 • • 

P,o, • • • • H 1 0-05 * 0*06 • • trace 
i 

A A A • • • • • • A A i • • 

8 . 

■ 

• • 

• 

• • trace trace 

“ w 

•• 

F . * • • • • • 1 • • • • • • • • 

H,0 • • • • 0-62 0-33 
l __ 

0*16 0-80 

99*94 99*76 99-06 10<fl7 99*86 

Sami dee dried 

Table l.—Ana^sMOf 

(Analyse# mads by 0. & 
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throughout the lodes. In some lodes lithia-chlorite was observed. 
This is yellowish brown; the lithia can only be detected chemically. 
A third member of the mica division which occurs very frequently 
on all the lodes is the ordinary green chlorite. Microscopically this 
chlorite was determined as pennine. 

The following minerals have been observed in all the lodes, 
but in negligible quantities molybdenite, bismutite, iron pyrites, 
copper pyrites, galena and mispickle. Columbitc, in black ortho¬ 
rhombic crystals, was observed in all the lodes. Tourmaline is 
present everywhere, generally in microscopic crystals. 

Cassiterite is very rare in the wolframite-quartz lodes, in all the 
localities examined bv inysclf. But at Hcrmvingyi and several other 
localities, it is said to be an important ore in the lodes. 

The analyses of a series ot lode specimens, printed on pages 66 and 67, 
corroborate generally tho megascopic and microscopic investigations 
of the mineral contents of the lodes. Analyses 1, 2 and 3 are of 
lode specimens from the 19th mile on the Tavoy-Wagon road; 
analyses 4 and 5 of lode specimens from Kalonta; analyses 6 
and 7 of lode specimens from Pa chaung; analyses 8 and 9 of 
lode specimens from Thangazon; analyses 10 and 11 of lode speci¬ 
mens from Byauk chaung; analysis 12 represents a specimen of ore 
concentrates; analyses 13 and 14 represent practically pure wolframite. 

The mineral paragenesis of the wolframite lodes within the areas 
visited becomes apparent from the above. It is worthy of notice 
that no fluorspar was found anywhere. A distinct feature of all 
these lodes is the predominance of wolframite over all other miner¬ 
als, excepting quartz; all the other minerals occurring as acces¬ 
sories and in practically negligible quantities. 

• I have already mentioned that a cassiterite-quartz lode was 
found and should be classed as a distinct lode. It was found in 
the Kalonta area. Analyses of two specimens from this lode are 

given in Table 2. 
0 

The tin occurs in the same irregular way as the wolframite. 
The colour of the mineral is brown to reddish-brown and it occurs 
both in square prisms and in orthohedra. The grains very seldom 
exceed £ inch in diameter. The lode appears to be a very narrow 
one, about a foot in thickness, and carries cassiterite values, 
wherever observed. Wolframite appears to be entirely absent from 
this lode. The tin lode occurs in close proximity to a wolframite 
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V. • 
1 

No. 1. No. 2. 

Pot cent. Per cent. 

SiO, • • • • • • 84 00 0718 

FeA . . . • • • • • • 0-43 0-08 

FoO • • • • • • - 0-56 i 0-46 

A\\Ot . 0 • • • • • 1 006 1 0-02 

CuO, PbO, BiO, • • • • • • • • trace 

Sn02 • • • • • • 1305 ( 2-30 

MnO • • • • • • 008 traoe 

CaO • • • • • • 003 
trace 

MgO • • • • • • OOlj 

K,0, No,0 • • • • • • trace • • 

MoO* • • • • • • traoc 002 

PjOfi . . • • • • • • • 003 • • 

HsO • • • • • • 012 • • 

10015 10005 
Samples dried at 100° C. 

Table 2.—Analyses of specimens of cassiterite-quartz lode of Kaionta. 

(Analyeca made by C. S. Faweitt, F.C.S.) 

lode and was apparently formed in a re-opening fissure of the 
latter; the parting between the lodes, however, is very distinct. 

Tin is also known to occur as an accessory mineral in the 
granite and frequently, when cassiterite makes its appearance in any 
quantity in the float, it has been derived either from the granite 
or from a separate quartz cassiterite lode. 

A third typo of lode was observed at Kaionta. This was com¬ 
posed of quartz, muscovite and wolframite. It was observed in 
situ close to the quartz-tin and quartz-wolframite lodes. In this 
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lode the quartz is of the usual granitic type, that is to say, it 
forms with the mica a rock having the appearance of an intrusive 

dyke and may be classed as a greiscn. The micas show a lithia 
reaction. Wolframite occurs in small crystals scattered throughout 
this rock. Tourmaline is an accessory of this greiscn. 

Genesis of the lodes.—It has already been suggested that the 

mode of occurrence, etc., jK>intcd to an igneous origin for the 
lodes. Geologically these Jodes constitute evidence of post-volcanic 
activity following upon the intrusion of the granite magma into 
the sedimentaries of the Mergui series. 

It is abundantly clear that the |K>Ht-volcanic activity continued 
long after the solidification of the granite. This is evidenced by 

the granite “ horses,” which occur in the ore-lodes and which were 
evidently torn away from the granite walls owing to the force 
with which the lode-matter entered the fissures. 

In a general way it may be taken that the lodes were formed 

in the following manner : the effusion of the granite magma forced 
its way towards the surface, thereby displacing and fracturing the 

sedimentary rocks. As it solidified crevices were formed, through 
which the mineral solutions found their passage, ultimately depositing 
their load of mineral matter not only in the fissures in the granite 
but also in the “country*' rock. The force of these circulating 
solutions, which was undoubtedly cnhunced by continuous orogenic 
movements, opened out new channels in the country rock, such 
channels generally following the line of least resistance, i.e.t the 

bedding-planes of the metamorphic rocks. Thus I would suggest 
the reconstruction of the purely mechanical process of lode-genesis 

in the Tavoy district. 

Judging by the petrological and chemical evidence detailed 
above, there appears to be little doubt that the ore-lodes of the Tavoy 
district indicate a distinct ‘‘ mineral zone, ’ this term being used 
in a parallel sense to that of petrological province. This mineral 
zone is characterised by the persistent occurrence of the mineral colum- 
bite. In other parts of the district, which were not visited by me, 
tin ores perhaps predominate over wolfram ores, and in a broader 

sense and applied over larger areas, the mineral zone might be 
termed a wolframite-cassiicrite-colurahite zone. 

It may be assumed that the granite magma contained all the 

elements of wolframite, cassiteritc, columbite and the other ores. 
It may also be assumed that locally the magma was richer in 
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wolfram than in tin, etc. Thus the local preponderance of 
wolframite over cassiterite could primarily be explained. 

After the igneous effusion had taken place, but when the 
magma was still unconsolidated, differentiation took place, whereby 

the heavy metals together with some mother liquor were separated, 
from the quartz-felspar-micamagma. Thus it would appear that 
numerous and distinct centres of differentiation were formed 
within the cooling mass. From these centres the contraction fis¬ 
sures were injected with the ganguc and ore which forms the lodes. 

Only thus it is possible satisfactorily to account for the pheno¬ 
menon that there appears to be no communication between the 
different centres of lode-origin. If such a theory tc accepted it is 

obvious that any speculations as to the continuation of lodes to 
depth within the granite arc futile. 

This theory of local differentiation may also explain the occur¬ 

rence of separato cassiteritc-quartz lodes, as it is quite possible 
that the differentiation in respect of the different metals took 
place at different times after the magmatic effusion. This might 

lead to the formation of cassiterite lode-centres quite distinct from 

the wolframite lode-centres. 
' That aqueous solutions were responsible for the formation of 

the wolframite lodes seems abundantly clear, if only from the one 
fact that the ganguc quartz is crammed with liquid inclusions. At 
the same time the pneumatolitic process of mineral formation went 

on side by side with the deposition of lode-matter from solutions 
and was responsible not only for the tornmalinisation of the country 
rock and of the lodes, but also for the occurrence of such minerals 
as molybdenite and 6ome of the micas. 

In some cases the mother liquor which had become differentiated 

from the granite magma may have heen in’ccted into fissures in a 
magmatic state and not in the form of aqueous solutions. Such 

instances may have given rise to the formation of wolframite 

greisen. 

The origin of cassiterite as an accessory of the granite has, 
wherever observed in other parts of the world, generally been 
attributed to pneumatolitic processes. Such volatile compounds 

of heavy metals often tend to collect at the margins of the in¬ 
trusions and it is actually round the margins of the granite that 

the cassiterite occurs most frequently as an accessory mineral. 

Naturally this pneumatolitic process is not exclusive and: need in 
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no way clash either chemically or physically with the theory of 

lode-formation from magmatic injections or aqueous solutions, as 
outlined above. 

No doubt the decrease of temperature and pressure, which stand 

in intimate connection with the distance from the intrusive granite, 
had a considerable influence on the deposition of ore within the 
lodes. Possibly the gradual change from ore-quartz vein to barren 

quartz vein was due to some such cause. 

Float deposits—Of considerable importance from an economic 
point of view are the workable float deposits which are found in 
close proximity to the lodes. The disintegration of the wolframite 

lodes have led to the formation of ore concentrates constituting 
workable deposits. 

The topographical features are of the greatest importance in 

locating these float deposits. I have mentioned above that most 
of the lodes occur near the crests of the hill ranges and practically 
form the backbones of those hills. Numerous little streamlets 
originate high up on the hill-sides. These small streams carry the 

disintegrated material from the lodes down the hills and into the 
main valleys. One therefore expects to find the first concentration 

of ore in and alongside the beds of these little streamlets and a 
further concentration in the main valleyB. Between the feeder 
streams, however, and down the hill-sidos, no concentration of float 

can be expected. 
The thickness of the alluvial deposits varies considerably. Down 

the hill-sides, and more especially in the bods of the streamlets, 

only a very small thickness of float can be expected, varying from 
a few inches to perhaps 2 or 3 feet according to the steepness of 
the hills and the fall of the streams. In the valleys, however, the 
thickness of the alluvial deposits is very much more considerable. 

Here it again depends on the fall of the main stream and on the 
width of the valley, but generally speaking the float deposits in the 
main valleys are several feet in thickness. As may be expected the 

material of these float deposits in all the narrow valleys and down the 
hill-sides is very little water-worn, this being more especially the case 
near the heads of the streams. 

Wolframite and cassiteritc, bv reason of their high specific 

gravity, are never carried far from the lodes. The richest con¬ 

centration will therefore be in the valleys immediately beneath 
the disintegrated lodes. The wolframite breaks up very easily and 
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is generally found in small prisms varying in size from dust up to 

half an inch in length. In close proximity to the lodes the float 

ore generally consists of wolframite or cassiterite still surrounded 

by gangue-quartz. 

I have already pointed out that cassiterite generally occurs in 

negligible quantities in the wolframite-quartz lodes. Therefore it is only 

reasonable to believe that, wherever cassiterite is found in large 

quantities in the alluvium, it was derived from a separate cas- 

siterite-quartz lode or else originated from the granite, of which 

it very often forms a constituent and accessory mineral, and 

only in a few instances from mixed wolframite-cassiterite lodes. Cas¬ 

siterite in the float deposits will therefore always be expected, 

wherever the tungsten lodes occur in the granite. Where, however, 

the float deposits are found within the zone of mctamorphic rocks, 

tin, if found in large quantities in this float, will frequently have 

originated from separate cassiterite-quartz lodes, as for instance, 

at Kalonta. The Kalonta float carries a large percentage of cas¬ 

siterite, and this float has been worked by the natives for tin. In 

this case the primary origin of the cassiterite is beyond doubt a 

well-defined cassiterite-quartz lode. 
Generally speaking there are three different kinds of float depo¬ 

sits. The first is the float deposit within the granite country. In 

the granite hills tho valleys are generally much steeper and nar¬ 

rower than in the metamorphic areas. The float deposits there¬ 

fore generally consist of large granite boulders together with tho 

lode-float. The thickness of the float deposits is very inconsider¬ 

able and the float ore is often carried a considerable distance away 

from the lode. The second kind of float deposit is characterised 

by large and small boulders of hard quartzites, in which the pure 

wolframite or quartz wolframite boulders are embedded. In this 

kind of deposit the wash is loose and the ore easily won. A third 

kind of float deposit generally occurs in the softer metamorphic 

rocks. On disintegration these latter form a sticky clay in which 

the wolframite float becomes embedded. The ore from these float 

deposits is not so easily won, since the clay requires a great deal 

of puddling. 
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MISCELLANEOUS NOTES. 

Correction in Generic Nomenclature of Bugti Fossil Mammals. 

Amongst Mr. C. Forster Cooper’s collections from the Gaj bone 

beds of the Bugti hills during the cold weather of 1910-11 is a lower 

carnassial of an Amphicyon, in a perfect state of preservation. I 

am indebted to Mr. Forster Cooper’s kindness for a plaster cast of this 

specimen and for permission to write this note. I found on comparing 

the cast with the lower carnassial of the mandible described by me 

under the name of Cephalogale shahbazi,l that the two undoubtedly 

belonged to the same species, although the badly mutilated condition 

of my specimen produced an entirely false impression of the structure 

of the tooth and would not allow me at that time to refer it to Amph¬ 

icyon. It also seems not unlikely that the upper molar described 

in the same memoir under the name Amphicyon sp. cf. major Blainv.9 

belongs to the same species as the mandibles. I have carefully compared 

the cast of Mr. Forster Cooper’s specimen with the corresponding tooth 

in Amphicyon giganleu* Laurillard from the Sables d’OrleaDais and 

Amphicyon major Blainville from Sansan, and find that the Bugti 

specimen is undoubtedly distinct from either of these, and is there¬ 

fore entitled to rank as a distinct species, to which the name shahbazi 

has already been applied. 

During a recent visit to Basle, Dr. H. O. Stehlin suggested to 

me the possibility that the fragmentary maxilla containing the last 

premolar and the first molar, described and figured by me under 

the name of PaUrochccrus affinis3 should rather be referred to the 

bunodont form of Listriodon. A comparison of the Bugti specimen with 

casts of the European species Listriodon lockharti, from the burdigalian, 

kindly sent to me by Dr. Stehlin, has convinced me of the correctness 

of this reference. The distinctive characters of the last premolar in 

the Bugti specimen, which ally it to Listriodon rather than to Palceo- 

.chomis, Hyotherium or Sus9 are (1) the strength and peculiar shape 

of the external cingulum and (2) the anterior position of the main 

inner cusp. Its differences from Listriodon lockharti consist in (1) its 

1 The Vertebrate Fauna of the Gai Seriea in the Bugti Hills and the Punjab, Pal. 
lnd.t New Series, vol. IV, pt. 12, PI. Ill, figs. 12, 2. 

• ibid, p. 10, PI. I fig. 4. 
• Ond, p. 37, PI. XII, fig. 7. 
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inferior size, (2) the more marked separation of the two main cusps, 

the ridge uniting them being even less noticeable than is the case in 

Lutriodon lockhartu The same is true of the first molar, though 

shown less clearly on account of its more advanced wear. The Bugti 

species in fact shows less tendency to lophodonty than the European 

and approaches more nearly to Bus and Hyotherivm, It is, therefore, 

quite entitled to specific distinction under the name of Listriodon 

affinis. 

[Q. E. Pilgrij#.] 
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trustworthy annual returns arc available—is gradually increasing 

and it is hoped that before long the minerals of Class II—for which 

regularly recurring and full particulars cannot be procured—-will 

be reduced to a very small numbor. In the case of minerals, such 

as tin-ore, still exploited chiefly under primitive native methods 

and thus forming tho basis of an industry carried on by a large 

number of persons each working independently and on a very small 

scale, the collection of reliable statistics is impossible, but the total 

error from year to year is not improbably approximately constant 

and the figures obtained may be accepted as a fairly reliable index 

to the general trend of the industry. In the case of gold, the small 

native alluvial industry contributes such an insignificant portion to 

the total outturn that any error from this source may be regarded 
as negligible. 

Table 1 shows the values of the production of minerals for 

which returns are obtainable. It has not been 

doctioo. ?1,Ue ^ customary hitherto to include in this table 
such materials as building stones, road metal 

and clay, since the returns arc incomplete. To omit thorn alto¬ 

gether, however, is even more misleading than to include the 

returns in their imperfect state, and as the value is not inconsider¬ 

able, the figures have been added to the table; they probably 

represent less than half the actual production of those materials. 

Table 1.—Total value o/ Minerals for which Returns of Production 

are available for the years 1911 and 1912. 

— 1911. 1912. Increase. 
| 

Decrease. Variation 
percent. 

£ £ £ £ 

Coal .... 2,502.61 ft 3,310,365 807.749 • • -f 32-3 
Gold .... 2.238,143 2,271.806 33,663 • • -f 1-5 
Petroleum . 884.398 975,278 90,880 1 • • + 10-3 
Manganese-ore (a) 648.8U1 884,4*4 235.603 ••• -f 36-3 
Salt (6) 469,235 509,824 40,589 -f 8-6 
Mica (c) . . . . 188,642 ] 284,290 95,648 • • -f 50-7 
Building materials and 246,446 270,980 24,534 • m + 10 

road metal. 

(a) Value f. o. b. at Indian Ports. 
(b) Price* without duty. 
(c) Export values. 
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Table 1.—Total value of Minerals for which Returns of Production are 

available for the years 1911 and 1912—contd. 

— 1911. 1912. Increase. Decrease. Variation 
per cent. 

£ £ £ £ 

Saltpetre . 
Lead-ore and Load 

% • 220.208 217,035 • • 3.233 — 1-5 
• 181,980 153.009 • • 28*020 — 15-9 

Tungaten-ore • 09,989 115.200 152111 • • + 15-2 
Ruby, Sapphire and 

Spins!. 
07,594 , 09,547 1*953 • • + 2-9 

Clay . • 00.207 00,187 • • 20 • • 
Iron-ore (d) • 34,400 47.044 12.548 • • + 36-4 
Tin-oro and Tin . • 24.au 50.944 20,013 • • + 104-3 
Monazit© . • 24,044 41.419 17.375 • • + 72-4 
Copper-ore . • 3,4< 4 13,7*49 10,305 • • + 302-7 
Silver • 11.575 11.829 254 • • + 2-2 
•JadoNtono (r) • 41,000 10,8410 • • 30,860 — 74-1 
Magnoaito . • 1.1*7 4.014 ! 3,507 • • + 340-7 
Chromite . • 5.072 3,84!) | • • 1,223 — 241 
Alum • 2,810 2.027 1 • • 192 — 6-8 
Steatite • 1,225 1,429 204 • • + 16-0 
Corundum . • 1,725 1,295 • • 430 — 249 
Carnet • 2,120 1,170 • • 950 — 44-7 
Gy} «um • 2,308 1,032 • • 1,270 — 55 3 
Bauxite • 5 510 511 • • • • 
Diamond . • 478 411 • • 67 — 14 
Paltinum . • 244 380 142 • • + 58-2 
Amber • 133 179 40 • • + 34-6 
()chre • 34 101 127 • • + 374 
Somarnkite • 89 81 • • 8 — 9 
Graphite • 9,425 Nil • • 9,425 • • 

Total • 

_ 
7,981,168 9,321,486 1,416,922 

+£I,J 1SB 
+ 16-8 

(d) For provinces other tlum Bengal, Bihar and Orissa values estimated approxi¬ 
mately. 

It is highly satisfactory to note the very marked increase in 

the value of tho mineral production of 1912 over that of all pre¬ 

ceding years ; the figures exceed those for 1911 by over a million 

and a quarter sterling, corresponding to a rise of nearly 17 per 

cent. Figures for individual minerals are almost equally satisfactory. 

There have been increases in the value of the outturn of most 

of the principal products such as coal, petroleum, manganese, salt, 

mica, wolfram, iron-ore and monazite, while in the case of only 

b 2 
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two minerals, lead and jadeite, has there been a considerable de¬ 

crease in the output of any of the important products; in the 

case of jadeite the falling off was due to a reduced demand conse¬ 

quent on recent political disturbances in China. 

The number of licenses and leases granted during the year amountod* 

to 622 as against 775 in 1911. More than 

half of these were prospecting licenses taken 

out in Burma. 113 prospecting licenses and 

34 mining leases wore granted in the Central Provinces. 

Miami 
granted. 

II.—MINERALS OF OROUP I. 

Chromite. Graphite. 
Coal. Iron-ore. 
Diamonds. Jadeite. 
Gold. Lood-oro. 

Magnesite. 
Manganese-ora. 
Mica. 
Monazito. 

Petroloum. 
Ruby, Sapphire 

and Spinel. 
Salt. 

Saltpetre. 
Tin-oro. 
Tunga ten-ore. 

Chromite. 
The output of chromite during the year under review was about 

24 per cent, below that of the previous year. The whole output 

which amounted to only 2,890 tons, with a value of £3,849, came 

from Baluchistan. The industry still remains a small one and 

continues to be largely dependent on the fluctuations of tho market. 

Coal. 
The most important rise in the total value of the minerals 

produced during the year 1912 is duo to coal, which accounts for 

considerably more than half the total increase, namely, the sum of 

£807,749, corresponding to an increase of 32 2 per cent, over the 

value of the outturn of tho previous year. At the same time 

there was a considerable rise in pit's mouth value, from Rs. 2-11-4 

to Rs. 3-6-0 per ton. Consequently the increase in the output was 

not so great as might be supposod from the rise in value. The 

total amount produced, however, amounted to nearly 14,750,000 

tons, or nearly 16 per cent, more than was produced in the previous 

year, and nearly 2,000,000 tons more than was produced during 

the famous boom of 1908 when the output was over 12,750,000 

tons, and the pit’s mouth value rose to Rs. 3-15-0. With the 

exception of those of Baluchistan and Bengal most of the fields 

show a slight rise in pit’s mouth value. In Baluchistan, however f 
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the value fell from Rs. 10-11-1 in the previous year to Rs. 9-0-7 
in 1912, whereas in the Jherria field the pit’s mouth value rose 
to Rs. 2-14-1 and in the Raniganj field to Rs. 3-10-0. 

Table 2.—Average price {per ton) of Coal extracted from the Mines m 
each province during the year 1912. 

Province. 

Assam .... 
Baluchistan . 
Bengal .... 
Bihar and Orisra 
(Central India 
Central Provinces . 
Nizam’s Territory . 
North-West Frontier Province 
Punjab 
Rajputana (Bikaner) 

Average priro por ton. 

Rs. a. r 

4 12 4 
ft 0 7 
3 II 3 
2 15 8 
3 3 5 
4 1 8 
0 0 0 
5 0 0 
0 3 2 
3 0 2 

As usual the Gondwana fields produced nearly the whole of 
the output for the year. 

Table 3.—Origin of Indian Coal raised during 1911 and 1912. 

— 
Average of 

last fivo 
year*. 

1911. 1912, 

Gondwana Coalfields . 

Tertiary Coalfields 

» • • • 

» • • • 

Tons. 

11,704,312 

405.685 

Tons. 

12,329,458 

386,076 

Tons. 

14,298,083 

408,256 

Total 9 • 12,7153*4 14,7*3*9 

» 

Thero was a slight increase in the amount of coal exported 

during the year under review, the total quantity being 897,194 
tons as against 860,788 tons in 1911. It is clear, therefore, that 
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the increased ainouDt produced in 1912 over that of 1911, amount¬ 

ing, as it does, to nearly 2,000,000 tons, must have been absorbed 

by the country. Of this increased consumption, the Indian 

railways are responsible for rather more than one-fifth, the total 

quantity of coal burned by them during the year being 4,590,618 

tons as against 4,223,020 tons in 1911. There consequently remains 

a balance of increase of over 1J million tons, most of which must 

have been employed in other industries. This is an indication of 

remarkably rapid industrial expansion. 

Table 4.—Exports of Indian Coal. 

1911. 1912. 

Quantity. ! 
| 

Value. I Quantity. Value. 

1 
1 

Ton*. ! £ Ton*. £ 

Aden. 
Ceylon . . . . ; 
8trait* Setltomeuta 
Sumatra . . . . i 
Other countries . . . ' 

11,607 
403,511 : 
224,714 
109,319 • 
21,497 

0,382 
274,119 
124,840 
04.087 
12,950 

12,577 
578,412 
148,391 
119,427 
38,387 

8,385 
385,082 

*101,799 
80,027 
24,949 

i 

840,788 482J81 897,194 600,242 

A A A M . A (ft A r a 

Goko 

— 

| : 
1,280 1,545 1,576 

Total of Coal and Coke 842,177 484,270 898,739 601,818 

While the increase in the exports of coal was small the rise 

in imports was very considerable, namely, from 340,106 tons, includ¬ 

ing coke and patent fuel, in 1911, to 611,732 tons, or nearly double 

the amount, in the year under review. This is no doubt attribut¬ 

able to the increased use by steamships of coal other than Indian. 

There are marked increases in the amount of Natal and Japanese 

coal imported, a considerable incroase, amounting to more than 

100 per cent, in the imports of Australian coal, and a decrease in 

the imports of coal from the United Kingdom; 
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Table 5.—Imports of Coal, Coke and Patent Fuel during 1911 and 1912. 

1011. 1912. 

Quantity. Value. Quantity. Value. 

• 

Tons. £ Tone. £ 

From Australia (including New 
Zealand). 

35,703 37,824 92,087 96,836 

Japan .... 0.705 6.075 97,288 102,570 

„ Natal .... 15,086 13,516 96,076 105,864 

M United Kingdom . 232,866 267,214 136,701 175,603 

„ Other countries . 15,561 14.8(H) 130,007 155,116 

Total 306,010 

— i 

340,329 | 552,249 636,938 

Coko. 7,001 

) 
14,405 3,142 7,355 

Patent Fuel .... 4,008 8,262 ' 5,400 11,006 

Government Storm . . \ 21,437 35,016 50 041 
J 
1 

81,533 

Total 340,106 39S,012 

1 
611,732 736,842 

With the exception of Hyderabad (Singareiu) and the North- 
West Frontier Province, the production of which latter is negligible, 
there was an increase in the outturn of every province. This 
increase was of course greatest in Bengal, Bihar and. Orissa, that 
is to say, in tho Raniganj and Jhcrria fields. Of the former the 
output increased from 4,311,956 tons to 4,944,268 tons and of the 
latter from 6,373,728 to 7,603,452 tons. Of the other Gondwana 
fields the output of Bellarpur in the Central Provinces decreased 
by about 10,000 tons and that of Singareni by over 20,000 tons. 
All tho other fields show increases, the outturn of the new Hingir 
field in Sambalpur having risen from 5,669 tons to 21,314 tons. 
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Table 6.—Provincial production of Coal during the years 1911 and 1912. 

Province. 1911. 1912. Increase. Decroaso. 

Toim. Tone. 

• • M •• • • • 

Tone- Tone. 

A 88am .... 
Baluchistan .... 
Bengal .... 
Bihar and Orima . 
Central India 
Central Provinctw . 
Hyderahad .... 
North-Weat Frontier Province 
Punjab .... 
Rajputana (Bikaner) 

294.893 
45.707 

11,468,994 

143,558 
211.616 
505,380 

140 
30/»76 
14,761 

297,160 
54,386 

4;HKI,129 
9,126,385 I 

149.921 
233,996 
481,652 

50 
38,4419 
18,251 

24267 
8,079 

} 1,903,610 

6,363 
22,380 
• • 

' 7,834 
3,490 

23,728 
90 

• • 
• • 

Total 12,715,534 14,706439 2,014,623 23,818 

Table 7.—Output of Gonduana Coalfields for the years 1911 and 1912. 

I 
■ 

1 
1011. i 1912. 

Coalfield? 
i 

Tons. 

-1 

Per cent, of j 
Indian Total.1 

| 
__ 1 

Tons. Per cent of 
Indian Total. 

Bengal, Bihar and Orissa— 
l)altong&ni 
Giridih .... 
Jhorria .... 
Raj m aha 1 
Ramgarh-Bokaro . 
Raniganj 
Sambalpur (Hingir-Ram- 

pur). 

70.602 ! 
704,443 

6,373,728 
1,978 

468 
4,3 11,956 

5,069 

•55 
6-54 

5013 

:} -,e j 

] 33-95 

1 

71,917 
730,530 

7,653.452 
C 2,775 
l 8,258 
( 4,914,208 
l 21,314 

0-49 
4-97 

52 04 

] 0-07 

j 33-76 

Central India— 
Umaria 143,558 M3 149,921 1-02 

Central Provinces— 
Bellarpur 
Pench Valley 
Mohpani 

90.603 
63,030 
51,983 

•76 
•50 
•41 

86,417 
90,722 
56,857 

059 
062 
039 

Hyderabad— 
Singareni j 505,380 

[ 

3-97 481,652 3-28 

Total 12,329,458 96*96 
1 

14,298,063 97*23 
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Similarly all Tertiary fields show a steady rise in their outturn. 

Table 8.—Output of Tertiary Coalfields for the years 1911 and 1912. 

1911. 1912. 

Coallieldfl. 

Tons. 
Tor i;ont. of 

Indian 
Total. 

Tuna. 
Per oont of 

Indian 
Total. 

Assam— 

Makum 

Khaai and Jaiutia Hills . 

294,893 2-32 290,015 

545 
| • 2-02 

Baluchistan— 

Khost .... 42,410 •33 45,477 031 

Sor Range. Maeli, otc. 3,297 •03 8,909 0-06 

North-West Frontier Province— 

Hazara .... 140 1 60 I 
Punjab (Salt Range>— 1 

i i 

Jholum District 20,982 r -24 33,192 h 0-20 

Mianwali 2,522 1 1,000 

Shahpur 1,071 J 3,017 

Rajpuiana— 

Bikaner 14,701 

1 

•12 18,251 0*12 

Total 386,076 3*64 408,256 2-77 

There was a considerable rise in the total amount, of labour em¬ 

ployed in the coalfields during the year. The average number of 

persons employed daily was 132,567 as against 116,155 in 1911. 

There was also a slight increase in efficiency; the output per 

person employed rising from 109*47 tons in 1911 to 110*93 tons in 

the year under review. Tho number of deaths by accidents in the 

mines was 174 or one less than the number for tho previous year, 

while the death rate per 1,000 persona employed fell from 1*6 to 1*3. 
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Table 9.—Average number of persons employed daily in the Indian 

Coalfields during 1911 and 1912. 

Province. 

Output 
Number of pontons per person 

employod daily. I cm- 
; ployed. 

Number 
of deaths 
by acci¬ 
dents. 

Death rato 
per 1,000 
porno ns 

employod. 

1011. 1012. 1012. 1912. 1012. 

Asftum 1.006 2,143 ! 138*00 0 4*19 
Baluchintan 932 1,101 j 40*84 10 8*01 
Bengal 00,083 30,828 j 110*92 

77,024 1 117*12 
2.611 ; 6*.r70 

30 1*06 
Bihar and <>riw*a • • 08 1 1*26 
Central India 1,430 2 i *79 
Central Provinces 2.202 2,630 I 02*18 1 *30 
Hyderabad . . , 7,mm 8,316 ! 67 92 15 1 80 
North-West Frontier 5 2 j 25 • • .. 

Pro vi not*. 
Punjab 1.1*06 ; 081 ; 30*15 • a 
Rajputana (Bikaner) . HO j 172 j 100*11 • • 

_ i 
• • 

Total 116,155 132.567 1 174! 
— | 

• • 

Avffoge • . • 1 
1 

•• 
110-03 

1 •• 1 
/*.! 

Diamonds. 

There was again a decline in the output of diamonds, marked 

by a considerable fall in Central India and a slight rise in Madras. 

The industry is an insignificant one but a certain amount of 

attention has recently been paid to the jjossibility of exploita¬ 

tion of new areas in Central India and its effect will be probably 

shown ii) the figures for the outturn of the current year. 

Table 10.—Quantity and value of Diamonds jrroduccd in India during 

1911 and 1912. 

— 

1911. 1012. 

Quantity. Value. Quantity. Value. 

Carat h. £ Carat*. £ 
Central India 44.21 475 8.57 400 
Madras .... 8.76 3 10.17 11 

Total si* 478 
1 

27*74 411 
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Oold. 
There was a slight rise, amounting to nearly l£ per cent, in the 

outturn of gold during the year under review. Work has ceased 
in Dharwar but the reduction on this account was moro than 
compensated for by the increased outturn in Mysore and Hyderabad 
and on the Anantapur field in Madras. 

Table 11.—Quantity and value of gold jtroduced in India during 1911 and 
1912. 

1011. 1912. 

Labour. 

Quantity. Valuu. Quantity. Value. 

Oz. £ O*. 

* * i 

£ 
Bombay— 

Dharwar . . ' 2,01*3 10,440 • • • • • • 

Burma— 
Myitkyina . . | 0,300*38 24.200 4,994*77 18,931 J54 
Kathuaml Pakokku 22*28 no 15*10 75 4 
Upper Cliimlwin . | • • • • 68*22 331 50 

Hydcntdad . 
M ymjTt 

13,720*4 62,070 10,993 <4,980 
2,158,302 

1,610 
(566,01 J 2,120,873 501,005 20,203 

Madra* 5,284 20,836 7,209 28,41*9 1,750 
Punjab . 134 02 518 147*52 583 289 
United Provinces . ■ 55 19 12*26 45 00 

Total 
| 

583,667-18 ‘>,238,143 
| 

590,554-92 2,271,806 30,602 

Graphite. 
1 regret to have to record the extinction during the past year 

of the Indian graphite industry. The value of the output 
from the only mine worked to any serious extent, namely, that 
in Travancore, fell from over £20,000 in 1910 to £9,425 in 1911. 
Owing to the difficulties of working, the mine was shut down 
at the beginning of the year under review and there is conse¬ 
quently no outturn for graphite in India for the year. 

Iron-ore. 
Both in Orissa and in Singbhum there was a considerable in¬ 

crease in the amount of iron-ore produced ; the rapid rise in 
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value of the output from a little under £10,000 in the year 

1910 to nearly £50,000 in the year under review furnishes evidence 

of the activity of the Tata and the Bengal Iron and Steel Com¬ 

panies. 

Table 12.—Quantity and value o/ Iron-ore produced in India during 

1911 and 1912. 

ion. 1012. 

Quanfily. Value. Quantity. Value. 

Bengal, Bi/tar anti Orient— 
Ton*. £ Ton* £ 

liurdwAn M*» 780 0,882 1,360 
31.416 Oriwi .... 300,000 20,000 471,232 

Singhblmm . 3l3,27« 7,1(32 83,425 10,055 
Other Dintrict* 010 237 008 2(37 

Bombay .... 1 • • 1 • • 
Burma . . . • 20,005 5,000 12,503 

470 
3,350 

Central India . . . 1 685 150 127 
Central Provinces . 1.044 470 1,708 401 
Hydcratxid . 223 50 • • • • 
Rajjtutann .... 100 27 50 

% 
13 

United Provinces 22 0 24 0 

- 

Total 366,212 34,496 580,129 47,044 

Jadeite. 

The value of jadeite exported during the year 1912 was only 

about one quarter of that of the same mineral exported during the 

previous year . On the other hand the figures for production show 

only 806 cwts. with a value of £1,620 as produced during the same 

year. Attention has been drawn in previous Reviews to similar 

discrepancies and the only figures that can be regarded as even 

approximately accurate are those for export. They have there¬ 

fore been taken to represent the value of production. Probably 

these are too small, since it is difficult to prevent a certain amount 

of the stone from being removed through unauthorised channels. 

The heavy fall in value of the amount exported as against the 

figures for the year 1911 is due to the disturbed condition 

of China during the year and the consequent restriction in the 
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amount of trade to that country which is tho chief purchaser 

of Burmese jadeite. 

Lead-ore. 
There was a decrease of nearly 10,000 tons in the amount of 

lead-ore and slag produced in Buraia during the year under re¬ 

view ; this amounts to a decline of nearly 27*7 per cent. Owing, 

however, to tho average price of lead during the year having beon 

over £18 per ton, the decline in value, amounting to £28,920, repre¬ 

sents a percentage of only a little under 16. A small quantity 

of lead-ore was produced in the Drug district of the Central Pro¬ 

vinces and the Kurnool district of Madras, the total amount being 

163 tons, having an estimated pit's mouth value of £69. 

Table 13.—Production of Silver-lead-ore in Burma during 1911 

and 1912. 

1911. 1912. 

Quantity. Value. Quantity. Value. 

Lcad-oro 
and slag. 

Lead-ore 
and lead. 

Silver. 
Lcad-oro 
and slag. 

Lcad-oro 
and lead. 

Silver. 

Ton*. £ £ Tons. £ £ 

Toungoo 

Northern Shan 
Staten. 

Southern Shan | 
States. 

140 
C (orp) 
S 3,218/ 

( 31,9.74; 
49 

687 

2, ICO 

179.102(a) 
131 

• • 

2,642 

8,033(6) 
• • 

5 2,960 / 
J H*Si) C 
C 22,663 ) 

03 

• • 

1,840 

160.984(c) 
170 

• • 

2,184 

9,046((f) 
• • 

Total 35361 181^89 1JJ75 26376 11,829 

(a) Value of 12,703 ton* of load extracted. 
\b) Value of 80,14.7 <«. of silver extracted, 
fc) Value of 8,228 tons of lead extracted. 
(d) Value of 76,220 uz. of silver extracted. 

Magnesite. 
The industry in this mineral is only & small one, but there 

was a considerable increase in production during the year, from 

3,490 tons in 1911 valued at £1.047 to 15,379 tons valued $t 
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Manganese-ore. 

Last year I had to record a fall of 10 peT cent, in quantity 

and 23J per cent, in value in the production of manganese-ore 

over that of the provious year. In the year undor review, how¬ 

ever, this falling off was more than made good by a rise of over 

36 per cent, in the value of the outturn. At the same time there 

was a slight fall in the amount produced. The rise in the value of 

the total output is therefore due to improved prices and not to 

increased outturn, although no doubt the effect of those improved 

prices will be to reduco the existing stocks at the mines and 

lead to an increased output during the present year. The average 

value of first grade ore was 11 Id. and of second grade ore 10'8d. 

as against 9 5d. and 9 3d. in 1911. 

Table 14.—Quantity and value o/ Manganese-ore produced in India 

during J91J and 1912. 

1911. 1912. 

Quantity. 

Valuo 
f. o. It. at 

Indian 
port*. 

% 
Quantity 

Valuo 
f. o. b. at 
Indian 
port* 

Bituir and Orisw — 
Gang pur 

Tona. 

25,152 

£ 

25,257 

Tons. 

27,173 

£ 

37,470 

Bomlny— 

Panch MaIiqU 45,330 45,519 43,538 00,040 

Central India— 
Jhivbua . . . . j 7,319 0,008 5,052 0,088 

Central Prorinces— 
Balaghat 
Bhantlnm 
dhhimiwam . 
Nagpur 

144,0*2 
. 119.000 

1,540 | 
179,203 | 

147,053 
121,000 

1,500 
182,500 

135,435 
115,305 

KW517 
147,225 

199,202 
109,083 
24,294 

210,544 

Madras— 
Samlnr .... 
Vizagapatam . 

Mysore .... 

00,950 
58,915 
21,573 

53,002 
40,041 
19,595 

02.488 
54,758 
29,293 

71,080 
02,287 
37,104 

Tofal 67U90 
1 

648,801 647,444 884,404 



91 Pabt 2.] * Hayden: Mineral Production, 1912. 

Mica. 
The increase in the value of the production of mica recorded 

in the last Roviow was maintained during 1912, when the output 

rose from nearly 34,000 cwt. to over 43,000 cwt., and the 

value of the mica exported rose by over 50 per cent., from £188,642 

in 1911 to £284,290 in 1912. 

Table 15.—Quantity and Value of Mica 'produced in India during 

1911 and 1912. 

1911. 1912. 

Quantity. Value. Quantity. Value. 

Cwt. i 
1 • 

£ Cwt £ 
Bihar and Orima . • • • • • 29,053 57,767 
Bengal .... 
Mad nu< .... 

25,225 43,499 • • • • 
7,402 25,862 13,484 30315 

Mysore .... 18 58 47 158 
Raj pu Una .... 1,191 1,143 

* 

C50-5 2346 

Total 33.896 70,552 43,834-5 97,286 

Monazite. 

This mineral has now taken an important place in the list of 

minerals of economic value produced in India. At present it is 

being worked only in Travancoro. The output which amounted during 

the year 1911 to 832 tons valued at £24,044 rose in the year 

under review to 1,135 tons valued at £41,419. The property is 

in the hands of the London Cosmopolitan Mining Co., and as the 

figures are obtained from that Company through official channels 

the mineral has now been removed from Group II and placed in 

Group I, which include minerals for which fairly trustworthy returns 

are available. 

Petroleum. 

The output of Indian petroleum still continues steadily to in¬ 

crease and during last year exceeded, by nearly sixteen million 

gallons, the highest output previously recorded, namely that for the 
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year 1909. The amount won during 1912 was over 249,000,000 

gallons valued at £975,278. The deeper sands which have recently 

been tapped at Yenangyaung have Id to a considerable increase 

in the production of the field. In the year 1911, the output fell 

to about 166,500,000 gallons from nearly 175,000,000 gallons in the 

previous year. Now, however, it has risen again to nearly 

180,000,000 gallons. There has also been an increase in the output 

of Singu and a large increase in that of the Minbu field, although 

the total outturn of the latter is still quite small, amounting only 

to a little under 4,000,000 gallons. There was again a small in¬ 

crease in the output of the Digboi field in Assam. 

The amount of paraffin wax exported again showed a consider¬ 

able rise, from 247,679 cwt. in the year 1911 to 260,244 cwt. in 

the year under review. 

Table 16.—Quantity and Value of Petroleum produced in India 

during 1911 and 1912. 

| 1911. 

1 

1912. i 

Quantity. Value. Quantity. Value. 

Gallons. 
| 

£ | Gallons. £ 

Burma— 
Akyab .... 
Kyaukpyu 
Magwo (Yenangyaung) . 
Mymgyan (Singu) . 
Pakoklcu (Yc nangyat) 
Minbu . 
Thayetrayo . . . ; 

19.030 
30,970 

160.494,319 
50,5< >4.705 
4,470,074 

032.458 
1,315 

327 
913 

040,850 
210,777 

17,103 
2,635 

12 

i.5,026 
41,304 

179.802,842 
56.046.200 
4.880,422 
3,896,305 

53,450 

300 
943 

092.082 
234.082 

18,561 
10,235 

114 

Assam— 
Digboi (Lakhimpur) 3,505,163 11,700 3,747,369 12,301 

Punjab— 
Mianwali . . . ; 1,400 15 950 10 

Total . ! 
t 

225,792,094 8*4,398 249,083,518 

* * ^ 

976,278 

There was also a reduction in the amount of foreign kerosene 

imported during the year. This fell from over 75 million gallons 

to a little under sijjcty-twq and a half million gallons in 1912, 
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Table 17.—Imports of Kerosene oil during 1911 and 1912. 

1011. 1912 

Gallons. Gallons. 

Borneo ..| 
Rou mania ......... 
Ruttaia ......... 
Strait* Settlements. 
Sumatra ......... 
United Staton of America. 
Other Countries.1 

11,400,224 

6,618,068 
079,307 

1,000,070 
66,602,821 

9,004 

12,540,042 
2,693,800 
7,636,184 
3,286,841 

612,474 
35,684,024 

688 

Total 75.21934 62,35233 

Ruby, Sapphire, and Spinel. 

There was a slight increase amounting to nearly 3 per cent, ir 

the outturn of the Ruby Mines, which rose from 288,213 carats, 

valued at £67,594 in 1911 to 323,245 carats valued at £69,547 ir 

1912. The average number of labourers employed daily in the in¬ 

dustry was 1,707. 

Table 18.—Quantity and Value of Ruby, and Sapphire and Spinel 

produced in India during 1911 and 1912. 

1911. 1912. 

Quantity. Value. Quantity. Value. 

Carats. £ Carats. £ 

Burma— 
(Rubies) (Rubies) 

Motzok .... 222.968 05,062 260,987 66,838 
(Sapphires) (Sapphires.) 

Do .... 17,209 1,880 18,552 1,987 
(Spinels.) (Spinels.) 

Do. .... 47,970 • 662 63,706 722 

Total 28WI3 67,594 323,245 69t647 

c 
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Salt. 
The output of salt during the year 1912 was a little under 

1,500,000 tons valued at £509,824. This represents an increase of 

nearly 10 per cent, on the output of the previous year. 

Table 19.—Quantity and Value of Salt produced in India during 

1911 and 1912. 

1 ion. 
■i 

1912. 

i 
Quantity. 

_ 

• Value. Quantity. VaIiio. 

Ton*. £ Ton*. £ 

Aden .... 
Hutton 1. 
Bom l>ay oral Sind 
Burn in. . . . . | 
Gwalior State . . . ! 
Madras . . . . j 
Northern India . . . | 

] no.302 
28 

408.328 
20.235 

37 
414.521 
310.341 

39.939 
9 

111,374 
902151 

!I9 
137.652 
80,911 

143,681 
24 

546.450 
. 30.845 

'Not ro|x»rt<-d 
484.405 
249,188 

572^44 
5 

129.201 
108.150 

161.844 
53,:J80 

Total IJ2M82 1,454.602 509.824 

Thero was a general rise in the output of rock salt, the total 

amount produced being over 157,000 tons. 

Table 20.—Quantity and Value o/ Rock-Salt produced in India during 

1911 and. 1912. 

Hill. 1912. 

Quantity. Value*. Quantity. Value. 

Ton*. £ Tons. £ 

Salt Range . 
Kohnt .... 
Mandi .State 

124.005 
17,585 
3,096 

14.087 
1,914 
4,759 

• • • • • • • 

1312234 
22,582 
3,378 

15,406 
2,241 
4.023 

Total . j 146.184 21M0 157.194 2JM0 

The amount of salt imported was almost the same as that 

imported during the preceding year, namely, 551,689 tons in 1912 

fts against 551,560 tons in 1911. 
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Saltpetre. 

Table 21 shows the respective quantities of saltpetre produced in 

India during the years 1911 and 1912. From this it will be seen 

that the actual output in 1912 was almost the same as in the pre¬ 

ceding year ; there was, however, a slight fall in value. 

Table 21.—Production of Saltpetre in India during 1911 and 1912. 

North-West Frontier Province 
Punjab 
United Provinces . 
Bihar .... 
Central India 
KnjptitAim . 
Bombay (Cute))) . 

Total . 

Table 22 shows the quantity and destination of ealtpetro ex¬ 

ported during the year. 

Table 22.—Distribution of Saltpetre exported during 1911 and 1912. 

I 

1011. 

Quantity. Value. 

China . 
France. 
United Kingdom . 
United States of America 
Other Countries . 

Cwt. 

85.602 
2.006 

52.130 
72.542 
84,648 

70,979 
1,715 

42,744 
55.381 
59,990 

Total 297,117 230,809 256,122 205,COO 
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Tin-ore. 

The rise noted last year in the production of tin in Burma has been 

well maintained, the output having risen from 1,764 cwt. of block 

tin and 1,946 cwt. of tin-ore to 4,014 cwt. and 3,493 cwt. respect¬ 

ively. The rise in value of the output amounts to a little over 

£26,000, or over 104 per cent, of the output of the previous year. 

Working has now been taken up seriously in tho Tavoy district 

where 1,258 cwt. of block tin were producod during the year. 

The imports of block tin in 1912 amounted to 31,254 cwt. as 

against 35,001 in the previous year. 

Table 23.—Production of Tin-ore and Tin for the years 1911 and 1912. 

19)1. ! 1912. 

Block Tin. Tin-owe. Bi-ock Tin. TI NO KB. 

Quan¬ 
tity. 

Value. Quan¬ 
tity. 

Value. 

1 
Qunn-1 
tity. 

» 

Value. Quan¬ 
tity. 

Value. 

Cwt. £ Cwt. £ (Nrt. £ tvt. £ 

Burma— 
Mergui. 1,704 15,543 1,141 0,101 2,750 28,224 2,201 9,781 

Sou thorn Shan 1 •• ' • • 3,200 • • • • 1,202 4,808 
8tatee. <«) (“> ("> 

Tavoy . •• • • • • 1,258 7,900 30 105 

Total . ; 1,764 35,190 ; 3,493 11,754 

(«) Includes figures for wolfram. 

Tungsten-ore. 

The output of wolfram in Burma again increased during the 

year 1912, and rose from 1,308 tons in the previous year to 1,6711 

tons in the year under review. As usual most of this came from 

Tavoy, but the output of Mergui was more than doubled, and rose 

to a little under 219 tons. 

Although much of the wolfram output is derived from lode min¬ 

ing in Tavoy, not a single mining lease had been issued up to the end 
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of the year 1912 either in that district or in Mergui. Nevertheless, as 

pointed out in last year’s Review, extensive mining operations are being 

carried on merely under prospecting licenses. The output of the mines 

in the Southern Shan States rose from 40 tons to (K) tons. 

Table 24.—Production o/ Tungsten-ore during 1911 and 1912. 

| 1011. 

_ 

1012. 

| 

. Quantity. Value. Quantity. Value. 

• • 

Toon. £ 'Pone. t 

Burma— 
Mergui .... 
Kou thorn Shun State* 
Tavoy .... 

103 
40 

1,105 

8,525 
3,200 

88,204 

217-8 
00-1 

1,303-4 

10,063 
4,808 

03,407 
% 

Central Provincet— 
Nugpur .... • • • • •2 22 

- 

Total 1,308 99,989 1,671-5 115,200 

Ill—MINERALS OP GROUP II. 

Alum. 

Amber. 

There was slight decroasc in the production of alum, which fell from 

6,479 cwt. in 1911 valued at £2,819 to 5,546 cwt. 

valued at £2,627 in the yoar under review. Prac¬ 

tically the whole output came from the Mianwali district of the 

Punjab. 

The output of amber increased by 13 cwt., the output for 1912 

being 27 cwt. valued at £179 as against 14 

owt. in the previous year. 

Nine-hundred-fifty tons of bauxite, valued at £516, were produced 

Bauxite. in the Central Provinces. 

The returns under the head of Building Stones show a rise of 

10 per cent, on the preceding year, the value 
Building atone, etc. £270 980 M against £246,446. It has al¬ 

ready been pointed out that the returns are incomplete, but even 

the figures available show that the item is an important one. 
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Corundui 

Garnet. 

Tho production of clay, chiefly for the manufacture of bricks 

and unglazed pottory, is returned as 1,009,240 

tons valued at £66,187. The returns include 

no figures for the United Provinces or for Bihar and Orissa. 

The Cape Coppei Company continued their onorgetic exploitation 

Copper of t^lc coPI>or *otic8 of Singhbhum and produced 
dating tho year 8,984 tons of ore valued at 

£13,47G. If this Company meets with the success that its enterprise 

deserves, copper will soon take its placea monp tho more important 

mineral products of India. The total outturn during 1912 was 

9,619 tons valued at £13,709 as against only 2,238 tons valued 

at £3,404 during 1911. 

Thoro was a considerable rise in tho output of corundum, from 

3,676 cwt. in 1911 to 8,707 cwt. in 1912. The 

greater part of this camo from Mysore and 

Madras, but 1,400 cwt. were produced in Assam. The total value 

of the production for the year was £1,295. 

There was a slight decrease in the. amount of garnot won during 

the year as against the production for 1911. 

The total production was 192 cwt., valued at 

£1,176. Practically the whole of this canto from Kishougarh. 

There was considerable activity in the production of gypsum 

during 1912, the output having risen to 21,033 

tons from a total of 9,193 tons produced during 

the preceding year. 11.440 tons were derived from the well-known 

Jamsar deposit in Bikaner, 4,756 tons fiom Marwar and 1,837 tons 

from tho Jhclum district. 

The output of ochre increased, but amounted only to 1,719 tons 

valued at £161. The chief sources of supply 

were Central India and the Drug district of the 

Central Provinces. 

A slightly larger quantity of platinum was obtained during the 

operations of the Burma Gold Dredging Syndi¬ 

cate at Myitkyina in the course of the yoar 

1912. The amount, however, was only 56'GO ozs. valued at £386 

as against 37*73 ozs. valued at £244 in 1911. 

A small quantity of samarskito was again won from the Nellore 

mica mines. The total amount was 29 cwt. 

valued at £81 as against 24 cwt. valued at 

£89, obtained during the preceding year. . 

Ochre. 

Platinum. 

Samarsklte. 
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There was a considerable increase, chiefly due to Jubbulpore and 

Hamirpur, in the output of steatite during 

1912. The total production is returned as 

15,746 cwt. valued at £1,429. 

Steatite. 

Table 26.—Quantity and Value of Steatite produced in India during 1911 

and 1912. 

L 

1911. 1912. 

1 
i Quantity. Value. Quantity. ! Valno. 

• 
Cwt. £ Cwt. 

• • • w • « 

* £ 

Burma— i • 
Minbu . . • • 9 • • • • 200 107 
Myitkyina. 1 • • • • • 82 02 
Pakokku Hill Tracts . • 1 

I 
i 

12-5 9 
:u 

20 

Central Provinces— 
Jubbulporo • 

* 1 8,810 58K 11,200 500 

Madras— 1 
a 

Kumool . . 1 3,320 221 • • • • 
.Boll ary ... 

’ 1 
1 
• a 

• • • • 150 1 
Nolloro 120 340 800 24 

United Provinces— 
Hamirpur • ! • • • • 2,740 549 
Jkanni • ^ 50 07 480 100 

Total 1 
# 1 1 

I2.3M-5 1,225 15,746 | 1,429 
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IV.—MINERAL CONCESSIONS GRANTED. 

Table 27.—Statement of Mineial Concessions granted during 1912. 

ASSAM. 

DiiTkiOT. Grantee. Mineral. 
Nature of 

grant. Area In acres. 
Date of 

moot. 
Terra. 

Khanl and 
Jalntla Hills. 

(1) Ur. K. D. Coggan . Corundum . • P.L. 3,844*64 1st April 1012 0 montlis 
and 10 
days. 

Do. (2) Do. Do. • P.L. 
(renewal). 

0,363*3 11th October 
1012. 

1 year. 

Do. (3) l)o. Do. • i P. L. 
(renewal). 

3,344*64 Do. Do. 

Do. (4) Mcssra. Tula Sons & 
D». 

Mineral Oil • I P.L. 7,040 Slat October 
1012. 

Do. 

Laklilmpiir . (5) Balm Scwuarayan 
Dcria. 

Coal • M.L. . 1.380 1st April 1010 20 years. 

Do. (0) Assam Railway 
and Trading Co. 
Ltd. 

Coal, uU, slate, 
shale, Iron and 
other metals, ox- 
elusive of gold, 
silver and 1*0- 
dous atones. 

P. L. 13,800 21st September 
1012. 

1 year. 

Nags Hills . (7) A»aam Comjiany Coal ML. 2,728*03 1st lannary 
1013. 

80 years. 

Nuwgong (8) Mr. F. L. H. Koch . Do. P.L. 12,800 12tb Novem¬ 
ber 1011. 

lyear. 

BALUCHISTAN. 

Kalat . (0) Baluchistan Coal Co. Coal . M.L. 80 1st July 1011 80 years. 

Do. (10) Sirdar Baliawal Klian 
baUksai. 

Do. . . M.L. 80 Do. Do. 

Ehob . (11) Khan Bahadur B. 
D. Patel, C.I.B. 

Chromite . M.L. 01 Do. . Do. 

BENGAL. 

Chittagong (12) Burma Oil Co. Mineral oil . P.L. . 1 3,671 16th April . 

--—ft 

E59 
t 

(renewal). 1012. mm 
BIHAR AND ORISSA. 

Basaribagh . 1 (18) Mr. 0. b. Knowles . Mica . P.L. 320 16th January [Hi 1 1012. ■Mi 
E. ^--Exploring Licm* P. L.=Prosp«*v Hem*. M. L-YMv 
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BIHAR AND ORISSA-<x>ntf. 

D | (Irantce. Mineral. Nature of 
grant. 1 Area In acres. 

Date or 
commence¬ 

ment. 
Term. 

Hasarlbagli (14) Mr. C. A. Dickson . 
- a 0 P.L «« 15th December 

1911. 
1 year. 

Do. (15) Mr. W. 8nc0 on bc- 
i luillof Mr. A. Jar- 

dine. 

! Do. 
| • 0 P.L 100 7th February 

1012. 
Do. 

Do. (10) Mr. A. Jardlnc j Do. • • P. L i 3315 4th May 1012 Do. 

Do. J (17) Do. 1 Do. 
9 

A • ; P. L 8(1 2Utli April 
1012. 

Do. 

Do. (18) Mr. W. If. Murrey . Do. • 0 M.L 100 4th March 
1012. 

30 years. 

Do. (10) Uabu Boldyn Nath 
Saha. 

Do. • a P. 1. J 100 22nd March 
1012. 

1 yoar. 

Do. | (20) Mr. 8. D. rbOippC Do. 

1 

• • M.L | 8-83 
1 

10th April 
1012. 

30 yean. 

Do. (21) Dabas Nagcndra 
Nath Samanlo and 
8atya Klnkar 

Do. • • P.L. ; 120 28 tli May 
1012. 

1 yoar. 

Do. (22) Mr. E. Myers Do. • • P.L .; 80 18th May 
1012. 

Da 

Do- (23) 1 tubus Nafmdra 
Nath Summit a and 
Bfltya Klnkar 
Salmna. 

Do. • • P.L . ! 80 11th May 
1012. 

Do. 

Do. (21) itnbu Baca In rra- 
*nnna Maxumdar. 

Do. • • I P.L . j 100 12th May 
1012. 

Do. 

Da (25) Mr. Charlra A. Dick¬ 
son. 

Du. A • P. L 80 0th April 1012 Do. 

Do. (20) llnbua NaRcmlra 
Nath Summits ond 
8»tya Klnkar 
Hnhana. 

Do. 0 • P.L 40 181 h March 
1012. 

Do. 

Do. (27) Bubii Kantoah Ku¬ 
mar Maxuindar. 

Do. 0 • P. L 

P.L 

274 20th Mart'll 
1012. 

Da 

Do. (28) Mr. ('. P. Audrews . Do. • • 4-05 20th August 
1012. 

Do. 

Do. (20) fkkbu ArMURM KaD- 

jan CliaturJI. 
Do. • A P.L 100 9th August 

1012. 
Do. 

Do. (30) 3l<**i>. Tatu Sods A 
Co. 

Do. • A P.L 120 20th July 
1012. 

6>iontliH 

Do. (31) liabu Shivji Walji Du. • • P.L 47-56 2nd Septem¬ 
ber 1012. 

1 year. 

Do. (32) Babu Diloy Chandra Do. m A M.L 1-67 15Ui May 
1912. 

30 year*. 
Bose. 

0 A 

Do. (33) Bubu Satyendra 
Pado Sorkar. 

Do. 0 • M.L SO 4th July 1012 Do. 

Do. (34) Mr. Archibald A. C. 
Dickson. 

Do- • A 

_ 

M.L 
| 
i 

80 24th January 
1912. 

Da 

E. L.-Exploring Lis—m. P. L.—rmptmn$ Lammas. M. L.-Afwing Unte. 
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BIHAR AND ORISSA-ooncW. 

Iwarlbagh . , (SO) Babu llaJdya Noth 

Do. 

Da 

Ot- 

am bu) pur 

Do 

Da 

iDgllbhUID 

l»a 

Do. 

Do. 

Do. 

Do. 

Do 

Do. 

(SO) Ur. Archibald A. C. 
Dickson. 

(37) lfabu Kliivjl WuJJi . 

. I (38) Mr. A. Jurriinc 

. (30) Tin* iliugir Kumpur 
Coal i*. LUl., 

I 

Hum bay. 

(40) l»u. . 

(41) Mr. ilium a* Pica- 
alck V roman of 
Kufubupi, Jtarxu- 
Kudu, lkni»l-N«m- 
|»ur Itullway. 

(43) Ifti-nm. Schroder, 
Smldt A Co., OU- 
rutfa. 

• (4.1) IUihctI lion and 
HI eel Co, Lid., 
KullL 

I (41) Do. . 

(45) Mr. T. 11. itenncrli 

1 (40) lh-i»$r?(l Iron nnd 
airri Co., Lid., 
Kultl. 

' (47) Roy Hiiiuilli 1’ul 
i iSaliudur. 

(10) Bengal Iron nnd 
8t«-el Co., UiL, 
kutti. 

(40) Hahn Krishna Clani- 
dra Dry, Calcutta. 

140 6 6th Juno 1012 

Do. 

Do. 

Do. 

Coal. 

Do. 

Do. 

Manganese. 

Irun-nri . 

Do. 

Unlctia aud 
associate*. 

Jnin-ure 

Mungnnou-. 

Iron-ore 

Manga acr. 

P. L. 

P. L. 

P. L. 

P. U 
(renewal 
for one 
yew). 

P. U 
(renewal). 

P. L. 

P. L. 

1*. L. 

. ; P.L. 

ita P. L. 

I 
. M.L. 

. • V. I„ 

. ! M. I. 
i 
! 

P. L, 

360 

200 

Both January 
1012. 

lyear. 

i 

114*48 

1,123*62 

1,128-52 

1,300 

1,472 

1,088 

281-fl 

About 3,200 

About 3,840 

A Uni I 1,020 

2810 

2400 

oth November! Do, 
1912. 

Bill Decent- Do. 
U* 1012. | 

25lh May | Do. 
1011. 

25tli 
1912. 

27th Novem¬ 
ber 1012. 

May j Da 

Do. 

JJtli^auuary ; !*. 

loth May 
1912. 

Do. 

51 h July 
1012. 

10th July 
1912. 

0th August 
1012. 

28tli August 
1012. 

18th July 
1012. 

Do. 

Do. 

Do. 

2 yearn. 

1 year. 

30 yean. 

1 year. 

BOMBAY. 

Do. 

• (60) The Nagpur Mau*:u- Uaugauise 
m*e Mining Syudi ? 

} cate. 

(61) Do. . Do. 

. I K.L 

E.L. 

U10 | 27th February 
1012. 

1 year. 
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BOMBAY—contd. 

District. (Iron tee. Mineral. 
Nalurr of 

grant. Aria In urn*. 
Hate or 

commence 
ment. 

1'um. 

Kanars (62) The Nagpor Msnga- 
nae Mining ByndKaU. 

Manganese . B.L. 801 11th May 
1012. 

1 year. 

Do. (63^KMmli, Cooverjl of Do. B.L. 1,8M5 4th Juno 
1012. 

Do. 

Do. (64) Mean. ByramJI 
Peatonjl A Oo., Nog- 
par. 

Do. B.L. . 1.020 6tli June 
1012. 

Do. 

Pouch Mahals (66) Mr. Karimbhoi 
Bhamaoddhi of 
Oodhro. 

Do. . . P.L. 156 16th June 
1012. 

Do. 

Do. (66) Do. . Do. . . K.L. . 816 Slat August 
1012. 

Do. 

Batnaglrl (67) Messrs. BebrOder 
Smldt A Oo., 
Bombay. 

AO Min ora la B.L. . I 4,871 18 th Novem¬ 
ber 1012. 

Do. 

Amtxnt (68) Maung Pe . Wolfram . P.L. 2,240 17th Juno 
1012. 

1 year. 

Do. (60) Manng Theln fan . All minerals (ex¬ 
cept mineral oil). 

P.L. 640 

% 
0th August 

1012. 
Do. 

Do. (60) Ma Saw Nyun Do. . P. U 1,280 22nd August 
1012. 

Do. 

Do. (61) T. D'Castro A Bos . Do. . P.L. . i 1.280 4th October 
1012. 

Do. 

Do. (62) Manng Kyan Wolfram. gold, 
silver and copper. 

P.D. 2,080 4th November 
1012. 

Do. 

Do. (63) Do. . TiBj wolfram, gold 
silver aud copper. 

P.L. 2,080 Do. Do. 

Do. (64) Manng Kin . AU minerals (ex¬ 
cept mineral oil). 

B.L. Kaa-kn r r 1 k 
Township («*x- 
cept Kormt 
reserve*.) 

7th Novem¬ 
ber 1012. 

Do. 

Do. (66) Manng Theln Zan . Do. . P.L. 2,880 28th Novem¬ 
ber 1012. 

Do. 

Do. (66) T. D’Castro A Son . All minerals B.L. Whole of the 
Amherst Dis¬ 
trict except 
forest re¬ 
serves. 

Do. Do. 

Bhamo . (67) Laban Ydk and 
four others. 

Gold B.L. 6,400 27th Juno 
1012. 

DO. 

Kmthm . (68) Moolla Dawood Gold, silver, lead, 
copper and mica. 

P.L. 640 11th Jane 
1012. 

7 months 

Do. . . (60) Maung Ton Mau . Odd, silver, 
rapper, tin and 

P.L. 761-36 7tb May 1012 7 months 
and 21 
days. 

K. L.mBipU>n*9 biem*. P. L.-Prv#p#rfw*g Liemtt. M. L.-Jfwwv Lease. 
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District. Grantee. Mineral. 
Nature of 

grant. Area in acres. 

R * amn a 

Date of 
commence¬ 

ment. 
Term. 

KaU.a . (70) Mr. 8. 0. Calogrccdy Silver and load . P.L. 

1 • • ••• 

2,660 Uth June 1012 7 mouths. 

Do. . . (?]) Mr. R. H. PockHag- 
ton. 

Copper, gold, Oli¬ 
ver, lead, tin, 
iron, coal, aabeatu* 
andainc. 

P.L. 
(renewal). 

220 29th May 1012 7 months 
and 8 
daye. 

Do. • . (72) C. Soon Thin . 1 Lead . . • P.L. 
(renewal). 

2,484 11th June 
1912. 

7 monthe. 

Do. . (73) Maung Nyo . . Lead aud silver . P.L. 
(renewal). 

980 13th July 
1912. 

8 months 

ftaj“ 
ber 1912). 

Magwe . (74) Maun# Tim Aung 
Gyaw. 

Petroleum . . | P.L. 1,280 23rd Octobor 
1911. 

1 year. 

Do. . . (76) Tho Mooli* OU Oo., 
Ltd. 

Do. . P.L. 
(renewal). 

960 29th Heptem- 
her 1011. 

Do. 

Do. . (70) Mstars. Ind'» Burma 
Petroleum Co., I.UI. 

Du. . P.L. 
(mucwal). 

1,280 9th April 1012 Do. 

Do. . (77) Abu Buckrr . Mineral oil . P.L. 2,880 8th Norem- 
ber 1912. 

Du. 

Do. . (70) Ma Kin le . Do. . P.L. 383 7 tli Novem¬ 
ber 1012. 

Du. 

Do. . (70) Moure. Indo-Burma 
Petroleum Co., Ltd. 

Do. . P.L. 640 12th Novem¬ 
ber 1012. 

Do. 

Do. . (SO) Messrs. lUnguuu Oil 
Co., Ltd. 

Do. . P.L. 
(renewal). 

2,240 10th February 
1012. 

From 15th 
February 
1011 to 
30 th 
October 
1011. 

1 year. Mandalay (81) Mr. R. N. Tyer I<ead and silver . P.L. 2,680 7th April 1011 

Do. (82) Moolla Moosojl All minerals (except 
oil). 

K.L. Whole district 
exe lading 
reserved 
lores t*. 

4th March 1912 Do. 

Do. (83) Messrs. The Burma 
Mluee, Ltd. 

Imn-orv . ML. . 66 68 7Ui January 
1010. 

10 years. 

Moiktlla (84) W. Root All minerals (ex¬ 
cept mineral oil). 

E. L. 1280 20th July 
1012. 

1 year. 

Mcrgul . (86) Mating Saw Maung All minerals (excej* 
oil). 

P.L. 1,625-60 30th March 
1912. 

Do. 

Do. (88) Mating Pc Oyi Do. P.L. 2,124-80 18th January 
1012. 

Do. 

Do. (87) Mahomed Do. P.L. 2,780-18 Do. Do. 

Do. (88) Mr. H. A. Foy Do. P.L. 
i 

1,496-04 8th February 
1012. 

Do. 

Do (80) Huong Shwc Thl . Do. P.L. . 1,710-08 28th February 
1912. 

Do. 

Do. (90) Maong Stawe Ydk . Da P.L. 3,200 Do. Do. 

E. L.^Kxpt oriitg Lieentt. P. L.» Proepetfing Lictnm. M. L.~Mining Uair. 
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BURMA—contd. 

DmicT. (irantec. 

. I 

Mineral. Nature of 
Brant. 

| Area In acre*. 

- ■- 

Term 

Mosul . ; (Ul) I’ng Kyi Hoc AU minmU (CX- 
ei-pt oil). 

u . j 3.200 

1 

18th January 
1912. 

1 year. 

Do. . (92) Mound Mya . | Wolfram, 
fin and 
metal*. 

*oW. 
allied 

P.L. 1 1,809*92 16lh February 
1**12. 

Do. 

Do. . (93) W. Im Uale . All mineral* (cxrrpi 
oil). 

P. L. 18th January 
IBIS. 

Do. 

Do. . (94) Malmim-d IlnnUT . Do. • P. U 2,«WAI0 OUl Mareh 191 i Do. 

Do. . (05) Do. Do. • P. 1.. 3.I9JS-32 
1 

DO. Do. 

Do. . (00) Do. Do. • P. L. 3,148 80 IHUi January 
1012. 

Do. 

Do. . (07) A.Jalil Do. • P. L. j 2.K67 20 Hfh Juuuary 
1012. 

Do. 

Do. . (OH) U. No flyl . Do. • P.L. j 3,200 

1 

2nd Juuuary 
1U12. 

Do. 

•Do. . (00) Do. Do. • P.L. 3,200 20th March 
11*12. 

Do. 

Do. . (100) Do. Do. • P.L. 3.2O0 1st February 
1912. 

Do. 

Do. . . (101) Mr. C. Kitchln . ( Tin . • • P. L. 
(renewal). 

040 

% 

2Ut January 
IU12. 

Do. 

Do. . (102) V. Sbwc I. . AU mineral! 
oU). 

B
 I P.L. 3.200 8111 January 

1912. 
Do. 

Do. . (103) Muon* Kya Sin . Do. P.L. 1,906 08 OUi March 1912 Do. 

Do. . 

I 

(lOI)D.Bwa Do. • P.L. 1,433 )0 1st February 
1012. 

Do. 

Do. . (105) IT. N« Oyi Do. • P.L. . | 2,703-30 23rd January 
1912. 

Do. 

Do. . 
j 

(100) On* Pc Kin Do. • P.L. ; 

1 

540 16 19th January 
1U12. 

Do. 

Do. . . ! (107) Mr*.™. MoolU 
DnwiMid Hons 4 Oo. 

Do. • P.L. 2,211-84 28th February 
1912. 

Do. 

Do. . (108) II. Kliwo HI . Do. • P. L. 2,08996 31st January 
1912. 

Do. 

Do. . (109) Maun* Kin . Do. P.L. 46592 28Ui February 
1012. 

Do. 

Do. . (110) Mewrs. Moolla 
Dn wood Sons 4 Co. 

Do. • P.L. 3,200 Do. Do. 

• 

Do. . (Ill) Do. Do . • P.L. 3,123 20 Do. Do. 

Do. . (112) Do. Wolfram . 
* 

P. L. 3,056-64 Do. Do. 

Do. . (113) Do. All mineral* (except! 
oU). ] 

P. L. 3.200 Do. Do. 

Do. . (114) C. SooDon . Do. • P.L. . 2.088-30 12th March 
1912. 

Do. 

E. L.** Exploring lActnu. 1*. L.—Progpteting Ltmue. M. L.*> Mixing Uau- 
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Date of 
Diwm cr. Grant**. Mineral. Nature of 

i grant. 
Area Jn acre*. com ra oner- 

meut. 
Term. 

vlcreul • (US' Maun* Kyln Ton 
and mu* other. 

i 

All mineral* (except 
oU). 

V.h. 09*40 

• t • •• •• 

21st March 
1012. 

1 year. 

Do. • • : (lin) Bumc and 
Rel/. 

i 
• P. L. 2.862 08 20th January 

JUI2. 
Do. 

Do. • 0 (117) Do. j Do. • P. L. 40607 Do. Do. 

Do. • • (IJft) IT.Shw! . | l>o. • P.L. 

1 

1 .MIS-70 2nd Kobmary 
1012. 

Do. 

Do. • • (1)0) Menar*. bunw and 
Jtrlf. 

( 
Do. • P. L. 617-84 20lh January 

1012. 
Do. 

Do. • • (120) Do. Do. • P. L. 436-20 Do. Do. 

Do. • • (121) Khaw Moh Of* . Do- • P. L. 1.228 MO 12tli March 
1012. 

Do. 

Do. • • (122) Mr. M. K. Bhymiah | 1*. . • | »'• L- 2^*00 2011» March 
1012. 

Do. 

Do. • • (123) MaunR Po Tlialk . D»». • P.L. 1.700 10 21 at March 
1012. 

Do. 

Do. • (1.24) Mew. Moolla 
Imwo«k1 Rooa A On. 

Do. • P.L. 

| 

3.200 20th February 
1012. 

Do. 

Do. • • (125) Do. . j Do. • | P.L 2,554 88 Do. Do. 

Do. • . 1 (126) U. Hhwc I. . . | Do. P. T.. 3.200 10th April 
1012. 

Do. 

Do. • • (127) V. 1.H Gale . Do. • ; P. L. 2,730-30 J6H» May 1012 Do. 

Do. • • (ISM) Mating Thrln Po . i Do. • P.L. 100 08 31*1 Moy 1012 Do. 

Do. • • (120) Mating K. Gyl Do. • | P.L. 2.560 21st Juno 
1012. 

Do. 

Do. • • (130) Mating Ko Yin Gyl Do. • P. L. 6,17084 7th June 1912 Do. 

Do. • • (131) MefBT*. Mratlln 
l)a«nn<| Sons A Co. 

Do. • P. L. 3,200 2nd April 
1012. 

Do. 

Do. • • (132) M. E. Bhymiah . Do. • P.L 3,200 12th April 
2312. 

Do. 

Do. • • (133) Mating Kya Rln . Do. • P. L. 3,200 7th June 1012 Do. 

I*o. • • (134) Mow. Mooli. 
Da wood Rona A <*». 

Do. • r. L. 3.200 27th May 1012 Do. 

Do. • • (135) Maung Hhtrc I. . Do. • P.L. 3.200 28Ui May 1012 Do. 

Do. • • (136) A. Jalll Do. • P. L. 3.200 Do. Do. 

Do. ♦ • (187) Manng Shwe I. . Do. • P. L 3,200 7th June 1012 Do. 

Do. • • (138) Do. Do. • P.L. 3,200 Do. Do. 

Do. * • (130) Mom. Mooli. 
Dawood Son* A Co. 

Wolfram . • P.L. 3.200 5th June 1012 Do. 

Du. • • (140) Mating Kyaw B. . All minerals (except 
oU). 

P.L. 3,180-8 14tli May 1912 Do. 

Do. • • (141) S. Adamjoe . Do. 
•1 

P.L. 2,880 2Ut June 1012 Do. 

K. L. — Brphrimg bi&nte. P. L. - Prorpedan? Uctnu. IL L.—Mining Leaf. 
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District. Grantee. Mineral 

' 
Nature of 

grant. 
Area in acre*. 

1 

Date of 
commence¬ 

ment. 
Term. 

Mergul . (142) U. Shwe I. . AU mineral* (ex- 

j cept oil). 

P.L. 

i 

j 3,200 1st June 1912 
1 

1 year. 

Do. . (143) C. Boo Don . Wolfram, n*Id, tin 
i and allied 
1 mineral*. 

P.L. 881-44 6th Beptembe: 
1912. 

r Do. 

Do. . (144) Mcaani. 8. R. Ball- 
don and II. A. Pearson. 

i AU mineral* (except 
mineral oil). 

K.L. 3,200 12tJi August 
1912. 

Do. 

Do. . . (145) Lin Aw Kyi . Do. P. L. : 183*84 25th July 1912 Do. 

Do. . (Ufl) Do. Do. 

I 
P. L. ! 1,392*64 I8tli 8cidem- 

Imr 1912. 

Do. 

Do. . (147) Maung Shwe Kyi. Do. V. L. ! 2,682-40 Do. Do. 

Do. . 

• 

(148) MnunR Kin . Do. P. L. l.oiuoo 27Ui Septem¬ 
ber 1912. 

Do. 

Do. . (140) Urn Aw Kyi i Do. 

| 

P. L. • 43*62 

| 

IOUi Septem¬ 
ber 1912. 

Do. 

Do. . (150) <1. Shwe Yin Do. . | 
| 

! Do. 

1 

K. I.. Area not hwtI- 
fled. 

1 27Ui Sepu ra- 
In? 1912. 

Do. 

Do. . (151) K. Ahmed . J*. L. 
(irnrwal) 

1 

2,898*56 281b July 1912 

l 

Do. 

Do. . . (152) Uiia Boon Teat . Do. . ' K L 
(n-newal). 

A rim nol sped* 
fled. 

% 

13lli July 1912 Do. 

Do. . (1M) Hadji tanail Do. P.L. 2,509 13th Severn, 

ber 1912. 

Do. 

Do. . (154) Maung Shwe Yalk Do. P.L. . 3,190-92 12th Decem¬ 
ber 1012. 

Do. 

Do. . . (155) Abdul Raman . Do. K. U Whole dis- 

trict. 
1Mb Novem¬ 
ber 1012. 

Da 

Do. . (155) Sit Abu . . | Do. . I p.l. .; 
(renewal). ! 

3,200 26th Novem¬ 
ber 1912. 

Do. 

Do. . (157) E. Aimed . Do. P.L. . ' 

(renewal), j 

P.L. . | 
(renewal), j 

2,318-80 31st October 
1012. 

Do. 

Do. . (158) Maung Hliwn Talk Do. 2,400-20 lnt Novem¬ 
ber 1912. 

Do. 

Do. . (150) Maung Ne Gyl . Do. 6 P. L. 
(renewal). 

3.170-36 6th December 
1012. 

Do. 

Miubu . (160) Maung Aung Ba . Petroleum . P.L. 5,120 17th August 
1911. 

Do. 

Do. . (161) The Brit i*h Rornm 
and Burma Petroleum 
Syndicate. 

I 
Do. P.L. 358-4 26th October 

1911. 

Do. 

Do. . . (162) Mr. H. Fenton . Do. P.L. . | 1,280 29th February 
1912. 

Do. 

Do. , (163) Maung Tun Aung 
Gyaw. 

Do. P.L. 1,290*54 Do. Do. 

Do. . (164) Mr. F. C. Macdonald Do. . j P.L. 1^80 Do. Do. 

E. L.~ Exploring Lxcevte. P. L.mPrvtp,n,Littnf$. M, L,* Mining Uaue. 
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District. Grant**. Mineral. Nature or 
grant. Area In acrea. 

Datcol 
commence¬ 

ment. 
Term. 

Minbu • • (186) Maun# Talk Gyl 
and one. 

Petroleum • • P.L. • 3*0 20th February 
191*. 

1 year. 

Do. • • (166) Maung Nr Dan . Do. • P.L. • 320 Do. Da 

Do. • • (167) AnnamiUay Chetty Do. • P.L. • 2,660 3rd Novem¬ 
ber 1011. 

Do. 

Do. • • (168) Abu Docker Do. • P.L. • 3*0 4th April 1012 Do. 

Do. • • (160) Mating Kyi Tha 
and Maung Tun Wa. 

Do. • P.L. • 1,440 4th July 1012* Do. 

Do. • • (170) Maung Po Kin Da • P.L. • 6,880 6th July 1012 Do. 

Do. • • (171) Ebrahlm Kaka . Do. • P.L. • 2,880 13th August 
1012. 

Do. 

Do. • • (17*) Dada Komar Do. • P.L. • 266 2oth Septem¬ 
ber 191*. 

Do. 

Do. • • 1 (173) Maung Talk Oyl . Mineral oil • • P.L. • 201 7th Novem¬ 
ber 1012. 

Do. 

Do. o • | (174) Mr. n. P. Cameron Do. • P.L. • 403 *3rd October 
101*. 

Do. 

Do. • • (175) Manaci Co. . Da • P.L. • 322-24 i 14th Novem¬ 
ber 101*. 

Do. 

Do. • • (176) Mmara. The British 
Burma Petroleum Co.. 
Ltd. 

Do. • • P.L. • *40-32 27th Novem¬ 
ber 19J*. 

Do. 

Do. • (177) The Irrawaddy 
Petroleum OU Byndl- 
cuto. Ltd. 

Do. 

1 

• • ■ P.L. • 640 17th June 1012 Do. 

Do. t • (178) Mcaara. The Brltlah 
Burma Petroleum Co., 
Ltd. 

Do. • • P.L. • 1 17* 20th Novem¬ 
ber 1012. 

Da 

Do. • • (170) Mr. n. P. Cameron Da • • P.L. • 2,660 4th Novem¬ 
ber 1012. 

Do. 

Do. • • (180) Measra. The Brltlah 
Burma Petroleum Co.. 
Ltd. 

Do 
I 

• • P.L. • 6*0 7th Deo em¬ 
ber 1012. 

Do. 

Do. • • (181) Maung Yin Gyl . Da • • 1 
P.L. • I 1,432 28th October 

1012. 
Do. 

Do. • • (18*) fiahlb Ally . Do. • • P.L 1,280 18th October 
1012. 

Do. 

Do. • • (183) M. E. Bhymlab A 
Co. 

Da • • P.L. a 1 1,280 13th Novem¬ 
ber 1012. 

Do. 

D6. • • (184) Ebrahlm Kaka . Do. • • P.L. • 1,280 
| , 

3rd October 
1012. 

Do. 

Do. • • (185) Thaha Do. • • P.L. • 402 13th Novem¬ 
ber 1012. 

Do. 

Do. • • (186) Abu Bueker Do. • • P.L. • 261-47 23rd October 
191*. 

Do. 

Do. • • (187) Da Da • • P.L. • 1,280 Do. Do. 

& L. - grpiori»0 Lima*. P. L. - Pntpsetiiiq Lien*. M. L. - Mining L*ue. 
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BURMA—contd. 

Dl*TBICT 

1 

Grantee. Mineral 

□
 

Area In acres. 
Date of 

commence¬ 
ment. 

Term. 

Mlnbu . • (188) Aiumrthl Oop*1 . Mineral oU . • P.L. 160 28th Septem¬ 
ber 1012. 

1 year. 

Do. . • 
■ 

(180) Ahmed Abdul 
Karim. 

Do. • P.L. MO lrtth October 
1012. 

Do. 

Do. . • (100) Maang Hlure 
Hlniitg. 

Da • P.U . 807-6 21 rd October 
1012. 

Do. 

Do. . 0 (101) Mi«n. TIip Vnltcd 
Coui|«ny. 

Do. • P.L. . 2.820-80 ( 27th Novem¬ 
ber 1012. 

l>o. 

Do. . • (102) Mrmrs. The Moolla 
OUCo., Ltd. 

Do. • r. l. 
(renewal). 

2,240 let March 1012 From 16tb 
February 
1011 t< 
WUi 
October 
1011. 

Do. • (IPS) Do. Do. . P.L. 
(renewal). 

2,520 ' 5th April 1012 1 year. 

Do. . • (104) Maung Nr Dun . Do. . | P.L. 
(renewal). 

5,440 4th July 1012 Do. 

Mylngvan • (105) Maang Maung Po Petroleum . • P.L. 
(renewal). 

Work 50 X. 
640 

20th August 
1011. 

Do. 

Do. • (100) Tim Rangoon Oil 
Co.. Ud. 

Do. P.L 
(renewal). 

Dloek 64 X. 
040 

1 

15tli February 
, 1011. 

Do. 

Do. • (107) Maatra. Nath Singh 
011 1*0.. Ltd. 

Do. • P.L. 
(renewal). 

040 

■I 

14th Novem¬ 
ber 1011. 

Do. 

Do. • (108) Maung Aung Da . Do. • P. L. 
(renewal). 

008-68 12th October 
1011. 

Do. 

Do. 

* •j 

• (100) Moot*. Tlx- Nath 
Singh Oil Co. 

Do. • P. L. . | 
(renewal; 

2,560 loth October 
ton. 

Do. 

Do. • (500) Measr*. Share Oh 
Broa. A Co. 

Do. • PL. 800 3rd January 
1012. 

Do. 

Do. • (201) Do. Do. • P.L. . 1 800 3rd July 1012 Do. 

Do. • (202) Mewarr. Thr lndo- 
Burma Petroleum Co.. 
LKI. 

Do. 

1 

• P.L. 425 60 10th Jaly 1012 l>o. 

Do. • (208) Mraorx. Thr UrltWh 
Burma Petroleum Co.. 
Ltd. 

Do. . 

-I * 1 
P.L. . 1 040 11th July 1012 Do. 

Do. • 1 (201) Manna Oh and 
Mating Charley. 

Mineral oil . • M. L. 1,020 11th May 1012 80 years. 

Do • ! (205) Mull* Ehrahrm. 
Fatima Blbl and Baaul 
BlbL 

Do. • P.L. 1,020 0th Novem¬ 
ber 1012. 

1 year. 

l>0. • (200) Mr. A. H. Tucker . Do. • P. L. Block 57 X. . : J7th Korea* 
ber 1012. 

Do. 

Do. • (207) Maang Po Kin . Wolfram, Jaaper [ 
and prtdom i 
stone*. 

P.L. 2.560 j 
1 

1st Decern btl ; 
1012. 

1 

Do. 

K. L. — Expiontyf Lift**. P. L. “ Prospecting her**. M. I. Mining U**. 
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BURMA—contd. 

DmfcKT. 

1 

Grant ft. Mineral. 
Kalore of 

pant. 

• • • • • • » 

Area hi aore* 
Date (4 

w-uuaciwr- 
ment. 

Term. 

Mylngyan . , (208) Mraara. The Burma 
! Oil Co.. Ltd. 

Mineral oil , 

1 
Do. . 

• ' P.L. 1.320 
1 

28th January 
1012. 

1 year. 

Do. (200) llaung Po Kin . • P.L. 
I (renewal). 

483-35 23rd June 1012 Do. 

Do. (210) Mew*. Rangoon 
i OU Co., Ltd. 

Do. . • P.L. 
(renewal). 

04(1 13th February 
1011. 

From 15th 
February 
1011 to 
30th 
October 
1011. 

Do. (2111 Mr. A. H. Tucker . Do. . • 1 P. T- 
(renewal). 

1,280 23rd March 
1012. 

1 year. 

MylfkyliM. . (212) Mr. A. R. Ober- 
landrr. 

Copper, allver 
Iron. 

and P. I*. 
(renewal). 

040 31 at October 
J Oil. 

Dc. 

Do. (212) Mr. Jl. A. Baldwin Platinum . • r.n . 8,300 3rd Septem¬ 
ber 1011. 

Do. 

Do. (214) Do. Do. • pi- . 4.800 10th Decem¬ 
ber 1012. 

Do. 

IV*. (215) Do. Gold, plat In tun and 
mineral* of the 
platinum croup. 

P.L. 7,080 Do. Do. 

Northern Hban 
Stolen. 

(210) w. r. nuhK Lead and allied 
metaL. 

P. L. 
(renewal). 

000 20th February 
1011. 

Do. 

Do. (217) Mr. J. shepherd . Coal . 
1 

• p. l. . 3,200 10th Jane 1012 Do. 

Do. (218) Mr. W. R. HIIMrr . Galena and allied 
• mineral-*. 

P.L. . ; 000 7th Auguat 
1012. 

Do. 

Do. (210) Hknn Hmng Awn J to-ad, allver and 
allied ml nr mb*. 

P • L. 840 24th Decem¬ 
ber 1012. 

Do. 

Do. 

| 

(220) Memo. Tin- Burma 
Mine*. Lid. 

Silver. lead, 
and rop|iei. 

iron I*. L. 
(n-newal). 

3.200 18th Decem¬ 
ber 1012. 

Do 

Paknkkti 

Do. 

(221) Mr. B. 8. AgaU.h . 

(222) Mating M*ung 

! Petroleum . 

Do. 

_ 1 • 

| 

P. L. 

P. I*. 

1,020 

1.301 02 

3rd February 
1012. 

25th January 
1012. 

Do. 

Do a j 

Do. . ! (223) Mr. M. (Joolani 
Huam'ln Burly. 

* Do. • P. L. 2.560 6th March 1012 Do. 

Do. . : (224) The Rangoon Oil 
Co.. Ltd. 

j Do. P. L 
(renewal). 

Block 5o. 124 
(Yenangyat). 

26th April 1012 Do. 

Do. . ! 

i 

(225) Mewra. The Indo- 
Btirma Petroleum 
CO., Ltd. 

i Do. 
1 
I 

• P.L. 744-00 8th March 1012 Do. 

Do. . ! (226) Mr. C. E. Brown . 1 Do. • P.L. 2,500 10th April 1012 Do. •i 

Do. (227) Maung Tha Ya and 
Matrag Po Kan. 

! Mineral oU . • P.L. 00-84 12Ui October 
1011. 

Do. 

Do. . . (228) Mewa. The lnd«- 
Burma Petroleum 
Co., Ltd. 

: Do. 

1 
_ 

P.L. 1,440 17th October 
VOlt. 

Do. 

K. u - r.trfnr'mv Ltm*. P L. — Protyrn w Lit***. M. L — 3fm«v 

p8 
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BURMA—contd. 

B Grantee. 

t 3
 Aren In acrea. j— Term. 

Pakokku I l22t» Mr. R. P. Wilcox 
on behalf of W. Man*- 
Held. 

Mineral oil . 

a 

P.L. 
(2nd 
renewal). 

1,280 6th October 
1012. 

1 year. 

Do • (230) Meaara. Tho Burma 
UU Co.. Ltd. 

Do. P.L. 
(renewal). 

361-66 26th July 1012 Do. 

Do. • (231) Meaara. The Moolla 
Oil Co., Ltd. 

1 
l 

Do. P.L. 
(renewal). 

| 

3,520 4th March 1012 From 16th 
February 
1011 to 
80 th 
October 
1011. 

I**u . t (232) Mr. W. R. Pox . < Gold and tio P.L. 
(renewal). 

1 

6,670-40 20th June 1012 1 year. 

Promo . • (233) Meaara. The Burma 
OU Co., Ltd. 

petroleum . P.L. . j 
(renewal). ! 

3.200 Slat May 1012 Do. 

Do. . • (234) Mr. A. H. Tucker . Mineral oil . P.L. . j H.060 2nd October 
1012. 

Do. 

Do. . • (286) Mating Thu Daw 
of Yenangyaung- 

Do. . . P.L. . i 
(renewal). 

210 10th July 1012 Do. 

Ruby Mini* • (234) Maung Taung 
Laung. 

All mlncrala (except 
all). 

K.U . 86-42 lit February 
JO 12. 

Do. 

Do. • (237) Mawlabf On lam 
Murtaia. 

Preclotia atone* . E.L. . 40 2nd April 1012 Do. 

8a**ln« • (238) C. Boon Thin retroleum . P.L. 
1 

3,100 17th February 
101*. 

Do. 

Do. • (230) J. M. Htlk Kyat . Copper-ore . P.L. 0,561-6 14th Juno 1012 Do. 

Salween • (240) Mr. N. Barnwell . Gold . P.L. 3,200 16th October 
1012. 

Do. 

Do. • | (24J) Maung Pan Aung . | Prrcloua atone* and 
other mlncrala 
(excluding mineral 
oil). 

E. L. 

1 1 

640 Do. . Do. 

Shwebo • (242) Meaara. The Jndo- 
Burma Petroleum Co., 
Ltd. 

Petroleum . : P.L. 
(renewal). 

6,120 10th Septem¬ 
ber 1012. 

Do. 

Do. . • (243) Do. Do. 1 P.L. 
(renewal). 

J.28P 26th Septem¬ 
ber 10J 2. 

Do. 

Southern Shan 
State*. 

(244) Mr. J. Dumonlln . Gold and Silver . P . L. 160 20th March 
1012. 

Do. 

Do. • (245) Lt.-Col. 0. Rlppon Tungaten, tin. 
copper and aaao- 
rlated mineral. 

P.L. 2,560 4th Jan nary 
1012. 

Do. 

Do. # (240) Moan. Moolla 
Da wood Hona <* Co. 

Gold ailver, copper 
and lead. 

P.L. 640 7th February 
1012. 

Do. 

Do. • (247) Mr. J. Domoulin. Gold and aaao- 
clated mlncrala. 

P.L. 1,647 6th Jane 1012 Do. 

Do. • (248) Mr. D. E. Smith Coal . P.L. 
(renewal). 

8,200 8th Jane 1012 Do. 

)S. L. « Jrrp/orw# UetP*. T. L. * 1‘rotfttHnf Umm. M. L. - Miming ImH- 
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Hayden : Mineral Production, Idl'd. U& 

BURMA—oontd. 

Dvnicr. Grantee. Mineral. Kature of 
grant. 

— 

Area In acres. 

I__ 

Date of 
commence¬ 

ment. 
Term. 

Southern Shan 
States. 

(240) Mr. !f. Samwell . Gold, copper, til 
and allied miner* 
ala. 

i P.L. 
(renewal). 

3,200 20th June 
1012. 

| 1 year. 

I 

Do. (260) Mr. E. H. Ady . All miucraJi (ex* 
ceptmlaftal oil). 

P.L. 
(renewal). 

2.500 26th April 
1012. 

Do. 

Do. (231) Maung Yaiug Silver and lend . P.L. 
(renewal). 

400 20th July 
1012. 

Do 

Do. (252) Muuug Kya Ywet I-ead and silver . M.L. vi 1st Heptember 
1012. 

6 years. 

Do. (253) Mr. J.C. Cross . Copper and other 

EStJT* 
P.L. 3,200 14th Novem¬ 

ber 1013. 
1 yoar. 

Do. (264) Tan Pn Yin on 
behalf of the Hon’blo 
Mr. Do Chin Tsong. 

All minerals (ex¬ 
cept mineral oil). 

P.L. 
(renewal). 

2.120 27th October 
1012. 

Do. 

Do. (255) Mr. W. R. UUUcr . Antimony, lead, 
silver and tin. 

P.L. 
(renewal). 

000 23rd October 
1012. 

Do. 

Tavoy . (256) Mr. T. Kowlo All minerals (ex¬ 
cept oil). 

P.L. 5,027-04 loth Febru¬ 
ary 10)2. 

Do. 

Do. . (267) The Tenaasertm 
Gunceaaloai, Ltd. 

Do. P.L. 1,011-2 3rd January 
1012. 

Do. 

Do. . (266) Tan Po Chong . Do. P.L. 3,200 Do. Do. 

Do. (260) The Tm-uaerlm 
Concessions, Ltd. 

Do. P.L. 1,020 Do. Do. 

Do. . (200) Memrs. 8hwo Ob 
Bros. A Co. 

Do. P.L. 2,600 25th Novem¬ 
ber 1011. 

De. 

Do. . (261) Maung Pet . Do. P.L. 460-24 2nd February 
1012. 

Do. 

Do. . (202) Swan Boat & Co.. Do. T.L. 440 7th February 
1012. 

Do. 

Do. . (203) MaTha Do. P.L. 1,002-40 0th February 
1012. 

Do. 

Do. . (204) Mcasn. Mower A 
Co. 

Do. P.L. 1,344-50 3rd January 
1012. 

Do. 

Do. . (206) Ong Hoc Kyin . Do. P.L. 306-20 8th February 
1012. 

Do. 

Do. . (200) The Tenaasertm 
Concessions, Ltd. 

Do. P.L. 1,110 20th March 
1012. 

Do. 

Do. . (267) Ma Sein Dsing . Do. P.L. 446-88 
• 
2nd February 
1012. 

Do. 

Do. . (208) Muting E Cho Do. P. L. 2,668 Do. Do. 4 

Do. . (200) Khoo 81 two Gun . Do. P. L. : 1.046-72 Bth January 
1012. 

Do. 

Do. . (270) Tan Po Chong . Do. P. L. 1.750 10 : tad February 
1012. 

Do 

S.L - Biptonut lM*ut. P. 1. - PnirKtuv Utmm. UA. - *f«l»sr Uau. 
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BURMA—contd. 

District. 1 (irantro. Mitxnl. 
i 

i 

Naturr of 
pant. 

. 

1 
Arm in acrea. 

Dale of 
commence- 

ment. 
Term. 

Tavoy • • * (271) E. Ahmed . All mimrala 
rvpi oil). 

1 

(cx- 

l 
H .! 838-0* BUi February 

1912. 
lyear. 

1 

Do. • • (272) Kboo 81 n Halm; . D<>. P.L. . « 709-00 61 h Kebruary 
1912. 

Diu 

j 

Do. 
•i 

(27.1) Maun* l.u l*e Do. 9 P. L. 2.822 08 ‘ Do. Do. 

Do. • (274) Tan Byaw Her* . Do. 9 P.L. 
I* 

293-44 201 h Kebru¬ 
ary 1912. 

Dc. 
1 

Do. • • (275) M. H Merican . Do. • P. L. . J 
4 
4 

882 3rd January 
1912. 

Do. 

Do. • 0 (276) Tan Byaw Hrat . Do. 9 P L. . j 1.080 80 24Ui Janu¬ 
ary 1912. 

Do. 

Do. • • 1 
(277) Tan 1%M|( Vru . Do. 9 P.L. 587-72 15lh Kebru¬ 

ary 19)2, 
Do. 

Do. • • j 
1 

(278) Ba Tl.auog 
Broa. A To. 

Do. • P.L. M7-72 16th Febru¬ 
ary 1912. 

Do. 

Do. • .! (279) Mr. H. Crawaliaw . Do. • P. L. 1,270 3rd January 
1912. 

Do. 

Do. • • • (280) Tim Trruu***ira J 
Cnncemlon*, l.ld. 

Do. • P. L. 2,000 Hili March 
1912. 

Do. 

Do. • 0 (281) Qua Chi-ntf Turk . 1 Do. • | r. L. 3,2181 3rd January 
v 1912. 

Do. 

Do. • • 1 (282) Qua Dh ii* (inan . | Do. •! P. I« 3,200 Do. Do. 

Do. • 1 
L 

(282) Mr. J. 11. Ikmlli . Do. • P.L. 3,10940 23rd Mardi 
1912. 

Do. 

Do. • • 1 (284) Maui*TtinM>a . Do. • P. I- 708 80 2ml K.-biu- 
aiy 1912. 

Do. 

Do. o (28:.j Mbuiik I’ll Thu in . Do. • V. L. 708*80 Do. , Do. 

Do. • 
1 

• 1 (288) Tan Pn Chonc l)o. * P.L. 82.. Do. Do. 

Do. 0 • (287) Dm Attain Do. s P.L. 1.S27M 0th Febru¬ 
ary 1012. 

Do. 

Do. • • (288) Mr. A. R. Jamal . Do. • V. L. 2,5*0 15th Febro- 
ary 1912. 

Do 

Do. • • (289) Mr*. L. Pi nna Do. 

1 
• P. L. 3,15230 8th January 

1912. 
Do 

Do. • • (290) M«**r*. Moolk 
Da w ood Sons A On. 

1 
Do. • P.L. 1,079-08 25th January 

1912. 
Do. 

Do. • • (201) Mr. E. Ahmed . Do. 
1 

• P.L. 2,444-SO 23rd March 
1912. 

Do. 

Do. • • (292) Mr. J. B. Booth . Do. • P.L. 
(renewal). 

3,200 20th July 
1011. 

©month*,* 

Do. • • (203) The Tavoy Cooce*- 
*ku», Ltd. 

Do. • P. T_ 
(renewal). 

2,112; lftth Rent- 
ember 1011. 

Do. • • (294) Mrmn. MooUa 
Daw ood Sone A Co. 

Do. • P.L. 113-00 7th Febru- 
ary 1912. 

Do. 

B. L. - ffxpferir* Lic*n*. P . L. - Protjxctini Licam. U L. - Minify Ln*. 
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BURMA—conld. 

Disraicr. Grantee. Mineral. 
Nature o( 

grant- 
Arc* In itcrcs. 

Date of 
commence¬ 

ment 
Term. 

!_ ^_ 

Tavoy • t (*86) Tin- Rangoon Min- 
log 10. 

AH mineral* 
ocptoii) 

(a- P.L. . ' 
(renewal). 

25Ui Hep. 
timber 1911. 

1 year. 

I 

Do. • (206) C. Sno Don . . 1 Do. • P.L. 
(renewal). 

2.U8U 1st Novem¬ 
ber 1911. 

Do. 
I 

Do. • (207) M«wsr». Moot la 
Da wood Son* A Co. 

Do. • P. L. i.iorw toth Febru¬ 
ary 1012. 

Do. 

Do. • • (2W) Do. Do. • P.I. 1.888 Do. Do. 

DO. • • 

i 

(200) Memr*. The HIU. 
Urn: A tO. 

Do. • P.L. 
(renewal). 

t,two:to 3rd Decem¬ 
ber 1011. 

Do. 

Do. • • (300) AhyuHhoak Do. • P.L. 78876 10th Febru¬ 
ary 1011. 

Do. 

Do. • • (881) The TrnaMcrhn 
(Onowalou, Ltd. 

Do. • P.L. 2,560 20th March 
1012. 

Do. 

Do. • • (302) Kboo Jin Talk . Do. • P.L. 
(renewal). 

3,200 7Ui Jauunry 
1012. 

| Do. 

Do. • • (303) Khoo Kim Cheng . Do. • P.L. 
(renrwal). 

3,200 6th January 
1011. 

Do. 

Da • • (304) The Trnajwrfbn 
Concessions. Ltd. 

Do. • P.L. 
(renewal). 

1,280 Oth Decem¬ 
ber 1011. 

Do. 

Do. • • (303) Qua Cheng Guan . J 

1 

Do. • P.L. 
(renewal). 

1,477 23rd Decem¬ 
ber 1011. 

Do. 

Do. • • (308) The Tavoy Explor¬ 
ation Syndicate. 

Tin, wolfram and 
allied minerals. 

P.L. 
1 

1,600 20th March ! 
1012. 

Do. 

Do. • • • (307) Do. Do. . 
(* 
P.L. . 1 722 Do. Do. 

Oo. • • (300) Mr. 1*. P. Murphy . Do. P. L. 
(renewal). 

667 1st. Febru¬ 
ary 1012. 

Do. 

Da • • (300) The Hrrmingyl 
Mining 0»., Ud. 

All minerals 
crpt oil). 

(rx- P. L. 
(rmcwal). 

3,200 24th Decem¬ 
ber 1811. 

Do. 

Do. 

* 1 
(310) The Tavoy Kxpkw- 

atloB Syndicate. 
Wolfram . • P. L. 1,216 20th Vebra- 

ary 1612. 
l)a 

DO. 1 • (311) The Hindu Choung 
Tin Dredging and Min¬ 
ing Co. 

AU minerals 
crpt oil). 

(a- P.L. 
(renewal). 

S.2O0 20th Janu¬ 
ary 1012. 

6 months. 

Do » • (312) Maung Hpaw . ! Do. • P.L. 
(renewal). 

460 25th Janu¬ 
ary 1012. 

lyenr 

1 

Da • • (313) Ma Mo Thu . Do. • P.L. 
(renewal). 

3,200 7th Decem¬ 
ber 1011. 

Do. 

1 

Do. • (314) Mr. It. C. Stmcons Do. • P.L. 
(renewal). 

656 10th Janu¬ 
ary 1012. 

Do. 

1 

Do. • • 1 (SIS) The Til-hit.- lUy 
Tin Dredging and Min¬ 
ing Co. 

Do. • P.L. 

a 

3.200 26th March 
1012. 

Do. 

s 

Do. • (316) The Trnajwrtni 
ConccaaioM, Ltd. 

Da • P.L. 1.146-88 12th April 
1012. 

Do 

i 

E. L. - Kwffar*, Litmm. V. L. - Pro***** Uemm. X L. - Jf**, A**. 
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BURMA —contd. 

District. Grantee. MioeraL 
Nature nf 

grant. 

aa a a a> A % 

Arm In acxea. 
Date of | 

commence- | 
mout. 

Term. 

Tatoy • • (317) Yeo En« Byau . All minerals 
cept oil). 

(«*- 

• f 

P.L. ! 3,186 27th May 
1811. 

lyear. 

Do. • # (318) Tan Hliwc Cbo Do. • P.L. . | 3,148-8 16th May 
1812. 

Do. 

Do. • • (SIR) Do. Do. • P.L. . 3,187*2 Do. Do. 

Do. • • (3*0. Marshall 
CottcreU A Co., Ltd. 

Do. • P-«- . 3,116-60 lat May 1812 Do 

Do. • • (321) Maun. Mover 
Cot ter oil A Co. 

Do. • P. 1. 3,200 Do. Do. 

Do. • • (342) Hwoc Scug A Co. . Do. • P.L. 1,861 2nd April 
1812. 

Do. 

Do. • • (323) Mwan. Mower A 
Co. 

Do. • P.L. 3,200 lat May 1812 Do. 

Do. • • (324) The Tenamcrtm 
ConcrMMloiw, l«td. 

Do. • P.L. 3,002 Do.* Do. 

Do. • • (323) Mt«n. A. C. Mar¬ 
tin and C. U. dcPaulam. 

Do. • P.L. 3.200 W»th April 
1812. 

Do. 

Do. • • (:i2d) M«vi>n. Min Gyaw 
Brow. A Co. 

Do. • T.L. 3,185 26th April 
1812. 

Do 

Do. • • (327) M. Lubhal Saib . Do. • PL. 3,088-38 18th Ajirll 
1812. 

Do. 

Do. • • (328) 8. Adamjcu . Do. • P.L. 1,060 17th May 1812 Do. 

Do. • (328) M. l.uhbai Kaib . Do. . P.L. . 1,280 10th April 
1812. 

Do. 

Do. • • (330) Mr*. L. Pcuna Do. • P.L. 2,068*60 17th April 
1812. 

Do. 

Do. • • (Ml) Maun* Tun Mya . Do. • P. 1- . 1 2,880-60 10th April 
1812. 

Do. 

Do. • • (332) Yeo Eng Byan . Do. • P.L . | 
(renewal). 

650 Slat May 1812 Do. 

Do. • • (333) Do. Do. • P.L. . 
(renewal). 

2.636 2nd Decem¬ 
ber 1811. 

Do. 

Do. • • (334' Manna Po Thdo . Do. • P.L 
(renewal). 

2,080 88 11th Novem¬ 
ber 1811. 

Do. 

Do. • • (336) Mewara. BadclllI A 
CO. 

Do. • P.L. 
(renewal). 

4,820 12th April 
1812. 

Do. 

Do. • • (336) Mew*. The HUa- 
karec A Co.. Ltd. 

Do. • P.L. 
(renewal). 

2,818*34 3rd Decem¬ 
ber 1911. 

Do. 

Do. • • | (337) Loong Shwc Hln . Do. • P.L. 
(renewal). 

2.712 8th Decem¬ 
ber 1911. 

Do. 

a 

Do. • • ! (338) Maun* E. Clio 1 Do. 

| 
• P.L. 741*40 12th April 

1012. 
Do. 

Do. • (»9) Burma Malaya 
Miner, Ltd. 

Do. • P.lfc 
(renewal). 

2.854*4 1st Novem¬ 
ber 1911. 

Do. 

E. L. - Exploring Litmu. P. L. - FrorptOxng Uc*km. M L.— Miming Urn*. 



Part 2.j Hayden: Mineral Production, 1912. il? 

BURMA—contf. 

Grantee. Mineral Nature of 
graut. 

Area In acres. Term. 

s (340) Lira Kya Van . AU mlntraia 
ccpl oil). 

(at- | P.L. 
(renewal). 

- — — —— — ■ 

3,105 24U> Janu¬ 
ary 1012. 

lymr. 

Do. . (341) llurma Malaya 
Mines. Ltd. 

Da • . 1 Y.L. 
(renewal). 

3,200 I at January 
1012. 

Do. 

Do. • • (342) 1'urma Malaya 
Mines, Ltd. 

Do. • • ! P.L. 
(renewal). 

i.oao 30th Decem¬ 
ber 1011. 

Da 

Do. . (343) K boo Tun Uyan . Do. • • P.L. 
(renewal). 

2.772-22 25th January 
1012. 

Do. 

Do. . (344) Mum. RadcUfl A 
Co. 

Da • • P.L. 
(renewal). 

4,240 30th Decem¬ 
ber 1011. 

Do. 

Do. (346) Mcaaro. Hhwc Oh 
BrotlKT* A Co. 

Do. • • P.L. . j 3,200 18th Huptem- 
her 1012. 

Do. 

Do. (343) Mewrt. Boddlff A 
Co. 

Do. • • P.L. 10,000 3rd November 
1011. 

Do. 

Do. (34?) Khoo Tuu Dyun 
A Co. 

Da • • P.L. 2,256 OUi April 1012 Do. 

Do. (343) Mr. T. J. Mnekay . Do. • • P.L. 
(renewal). 

2.40V23 23nl May 1012 Da 

Do. (S40l Mcawf. RadeWf A 
CO. 

Do. • P. L. 
(renewal). 

2,722 24Ui March 
1012. 

Da 

Do. (350) Tha Tcmuwcrlm 
Oonctaaions, Ltd. 

Da • • P. L. 2,007-4 17U> October 
1012. 

Do. 

Do. (351) Mr. W. H. Wood . Da • P.L. 134-45 4th October 
1012. 

Do. 

Da (352) Ahyu Shook. Do. • • P.L. 1,(140-40 0th October 
1012. 

Do. 

Do. (353) Mr. K. M. Nana . 1 Do. • • P.L. 1,273 lHtli October 
10)2. 

Da 

Do. <3.'«4) Kyoog Nga . Do. • • P.L. 
(renewal). 

2.54112 24th May 1012 Frean 
15-2-1011 
to 30-10- 
1011. 

Thaton (355) Maung Scin 8we . Do. • • P.L. 4,4814 Oth January 
1011. 

1 year- 

Do. . (354) Mr. C. E. Law . ! Da • • P.L. 5,844 2nd February 
1012. 

Do. 

Do. . (357) Ma Chela . Do. • • P.L. 4,4074 4th January 
1012. 

Do. 

Do. . (36e) MaoDg Shan Jlyn . Do. • • T.L. 008-4 5th January 
1012. 

Do. 

DC. . (350) Ma Cbein . Do. • • P.L. 3,180-8 4th January 
1912. 

Do. 

Do. . (340) MotlKalunan 
1 

Do. • • P.L. 
. 

2,892-8 5th January 
1912. 

Do. 

Do (341) Scin Nga . Do. • • P.L. 1,400 12lh January 
19)2. 

Du. 

B. L. - ExjUorwg Liem«. P . L. - Prof^cHne Lien.w M. L. - Min..* Laos* 
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BURMA—contd. 

DlSTKlCT. Orantec. Mineral. 
j 

■ 

1 Nature of 
. grant. 
1 
• 

1 

Area In acre*. 
Date of 

curnineucc- 
mmt. 

| Term. 

1 

TlMttoil . ! (362) Tin- Hmi’blr Mr. 
1 .mi thin Tmnig. 

All mineral* (ex¬ 
cept oil). 

: P. T* 736 

1 1 
| 9th January 

1912. 

| 
4 

1 1 year. 

1 

1)0. (363) Mminu P6i» K. . Do. • 1\ I- 2.176 18th March 
1H12. 

; Do. 

Do. (3«4) Mr. S. Solomon . Do. . • I'.L. 8,760 : 3rd April 1012 Do 

Do. (385) Mull Kalininn Do. • V. L. 2,9.31-2 1 19lh April 
1912. 

i Da 

Do. (366) Mnuns Ha l.nk . Do. • P. L. 3.87s-4 24th April 
1012. 

| Do. 

Do. (367) Mi. H. Wutron . l»o. • ; i*. l. 306-8 Will July 1012 , Do. 
1 

Do. (368) S. I.rli vre . Do. 
1 

• ! P. L. 1 
7168 2oth Augml. 

1912. 
I *>• 

Do. (HOW) HI,we Oh Jin*. 4 Co Ihi. , 
• 

. P. U 4.012-8 6th October 
1912. 

! Do. 
1 

Do. | (37o; So Kyu l.yo D». . • : i*. l. 8,6528 19th Novem- 
her 1912. 

1 Do. 

Do. ' (371) V Slum llyu Do. . • • P. u 8.960 27th Novem- 
Imt 1912. 

Do. 

Tlmyclroyo . (372» Maims Tun . : Petroleum . 
| • 1 P. L. 222-80 

l j 
lHtli D« tern her 
1911. 

Do. 

Do. ' (373) Manny Thu Daw . Do. • ! P. L. 3,002-80 

i 

1.3th Di-emi- 
ber 1911. 

Do. 

Do. . (374) Mwin-Tlir llriff»*li 
Du nun I'rtiolrum t*».. 
Did. 

Do. . a , 1*. L. 
9 

94-72 

1 ! 

22ud May 1912 Do. 

Do. (375» Mr**i.». Tin- llumin 
; OH Co.. Ltd. 

Do. • V. u 
(renewal). 

5.760 
| A 6th January 

1912. 
Do. 

Do. 

| 

(376) Maung Tun Aung 
tlyaw. 

Mineral nil . 

- 

• i 1*. L. 4,000 4th Orfutar 
1912. 

Do. 

Do. (377) l>o. UoM • | P. 1. 1.930 4tli October 
10)2. 

Do. 

to- 
(378) Ahu lluckrr Mineral oil . • p.u .! 

i 

3.06S 

j 
12tli October • 

1912. 
Do. 

Do. . i (379) Mr. J. A. Murray . Do. • P. Y» . j 3.840 26th Novem- ; 
ber 1012. 

Do. 

Do. (38o) Nno The lltinna 
Oil Co.. Ltd. 

Do. • P. L. . ' 
(renewal). J 

4,480 

j 

30th May- 
1012. 

1 

Do. 

Do. 

• 

(391) Do. . | Do. . • P. L. 
(renewal). 

?,840 18th July 1912 

I 

Do. 

Do. . 1 (382) Do. . | Do. • P.L. 
(renewal). “ 

5,200 ' 23rd October j 
1012. 

Da 

J)0. A j 

s 
(383) Do. Do. • V. L. 

(renewal). 
640 29tli August j 

1912. | 
Do. 

2 L - Eiplorir.g Lietti*. P. L. — Pmifdino Lien*. M. I.. m Uinitq Iaom 
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BURMA—condd. 

DUTTKICT. (irauleo. Mineral. 
; Nature of 

grant Area In acre*. 
Date of 

commence- 
mint. 

Tcnn. 

Thayetmyo . (384) Mcaar*. Tbc llunna 
Oil Co., Ltd. 

Mineral oil . ! 1M.. . ; 
, (renewal). 

1.400 29th AuguM 
1912. 

1 year. 

Do. (383) Do. Do. : 1*. U 
j (renewal). 

|1M. . 

1 
P. L 

940 23rd OrtuInT 
1912. 

Do. 

Toungoo . (SMV Maunji Ho TImi . Clohl. allvrr, tin, 
non and m oil rain. 

1,900 loth January 
1012. 

Do. 

Du. (387) Do. . Do. 1.900 131 h May 1912. Do. 

Dpi"1! Cliind- 
Will. 

(388) Mr. W. r<Mi|M-r Petroleum . i H. 1~ 
1 

40.990 
• 

.ion. a pul 
1912. 

Do. 

Do. (380) Do. . . Ciml ami ntlnr 
inlnrrab (exerjit 
oU). 

• P. L. 

« 

40,900 

1 

3'Hli April 
1912. 

% 

Do. 

Do. (390) Mob»i>. The Indo- 
llurma Petroleum Co., 
U»lt«d. 

. Petroleum . 1 r. j.. 

1 t i 

11.520 

| 

I2lh Ke|4*m- 
b**r 1912. 

Do. 

Do. (391) Do. Do. ; i*-1- . 12.800 12th Hep!tra¬ 
iler 1912. 

Do. 

Do. 

1 

(.192) Clowri Shankar 
Myltliyc. 

j Coal j K. La 1 10,400 28111 Septem¬ 
ber 1912. 

Do. 
1 

CENTRAL PROVINCES. 

Balagltut • (393) Mr. byramJilVa- 
tonjl. 

Mangaucac . . M. L. • 318 4Ui January ! 
1012. 

30 yearn. 

Do. • i 

i 

(304) Mnaah. Lali.iharl 
and Humeliarau. 

Mr a M.L. • J7I 231 li Ma nil 
1012. 

5 >CUM. 

Do. • (393) tent ml ludia Min¬ 
ing Company. 

Maiitfatinc . M. L. • 

l 

2ilh January 
1012. 

30 yearn. 

Do. • (30 ) Mi. I*. Veto Ay all. 1)**. • • M. L. • 

1 

43 IHtli January 
J0I2. 

Du. 

Do. • ! (397) Mewm. SehrOder 
Siuldt A* Co. 

1>U. • • P. L. 
* 1 

212 2i»Ui March 
1912. 

1 year. 

Do. • | (39n) Do. . . j 1)0. a • E. L. a 30 Do. Do. 

Do. • (399) Mr. fiyramji Pea* 
toajt 

1)0. ML. a 22 4th J anuary 
1912. 

30 yean 

Do. • (400) Do. . : Do. M. L. • • 

l 

Do. 

• 
Do. 

Do. • > (401) Do. 
* 

Do. M. L. • 81 

| 

29th March 
1912. 

Do. 

Du. • (402) Mewm. KalUn- 
ehand Kfurlchand 
Chnllancy A Sona. 

Do. 

! 

P. L. • 69 

1 
• 

17th January 
1912. 

1 year. 

Do. • (403) Indian Mineral Min- l>o. 
mg Syndicate. 

E.L. • ! 19 

1 

25th March 
1912. 

Do. 

K. 1.. - Kruinrimg Lienee. 1». L. - CniT'clu* Lienm. M. L. - Afini-y Lean. 
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CENTRAL PROVINCES—conid. 

m Grantee. MlncraL 
Nature of 

grant. B Date of 
oomrnrnco* 

m«ot. 
Teem. 

lialaghat (404) Mown.. Hchrflder 
bmldt A Co. 

Manganese , • P.L. 
(renewal). 

100 lOUi Decom¬ 
ber 1011. 

3 months 

Do. (405) Mr. ByramJI Pea- 
toBjl 

Do. • P.L. 
(renewal). 

332 7th January 
1012. 

1 year. 

Do. (40ft) Babu Strip* 
Shankar. 

l>o. • K . L. 708 

1 

25th March 
1012. 

Do. 

Do. (407) Mr. C. Velu Ayah . 

' 
Do. • P. L. 0 30Ui May 1012 Do. 

Do. (40H) Moaara. L. K. Rum- 
chandra A Co. 

Do. • P.L. 0 24lh June 
1012. 

Do. 

Do. (400) Nagpur Mangamwo 
Mining Syndicate. 

Do. • P. L. 
(renewal) 

20 
1 

2nd April 
1011. 

2 yeara. 

Do. (410) Indian Mineral 
Mining Syndicate. 

Do. • P. L. 110 24th Juno 
1012. 

1 yuar. 

Do. (411) Do. Do. . • K. L- 10,462 121 h June 
1012. 

Do. 

Do. (412) Central India Min¬ 
ing Co. 

Do. • K. L. 1,814 24th Juno 
1012. 

Da 

Do. (413) l>o. Do. • K. L. 071 Do. Do. 

Do. (414) Indian Mineral 
Mining Syndicate. 

Do. • E. L. 3.005 
• !2lh June 

1012. 
Do. 

Do. (415) Do. Do. • K. L. 2,214 6th Juno 1012 Do. 

Do. (410) Do. Do. • K. L. 724 Do. Do. 

Do. (417) Mr. ByramJI Pea- 
tonjl. 

Do. . • P. L. 
(renewal). 

00 0th April 1012 Do. 

Do. (418) I.mIr Cancab Pra* 
*ud and Bm*. 

Do. . • P.L. 
(rrArwal). 

188 10th February 
1012. 

6 months. 

Do. (410) Mr. ByramJI Pea- 
tonjl. 

Do. • p.l. .; 
(renewal). 

130 2nd May 1012 Do. 

Do. (420) Lala Oanwh Pra- 
aad and Brw. 

Do. • P.L. 
(renewal). 

338 Oth June 1012 Da 

Do. (421) TaU Iron and Sled 
Co.. Ltd. 

Do. 0 M. I- 000 24th Septem¬ 
ber 1012. 

6 year*. 

Do. (422) Nrtra Mangaucae 
Co., Ltd. 

Do. • M. L. 50 12th Septem¬ 
ber 1012. 

80 years. 

Do. (4ft) Sir Kaaturchand 
Daga, K.C.I.E. 

Do. # P.L. 130 22nd August 
1012. 

1 yoar. 

i)o. (424) Do. Do. 0 R. L-i 72 Do. Do. 

Do. (426) Mr. Kripa Shankar Do. 0 M.L. 145 0th September 
1012. 

30 years. 

Do. £ . (420) Mr. ByramJI Pea- 
tonJI. 

Do. 
• 

• r.L. 115 

0 

20th August 
1012. 

lyaar. 

E. L. - Ezpiori*, Lu*n* P. L. - Prowyeftu^ Liettist. U. L. - JUnmQ Uau. 
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CENTRAL PROVINCES—contd. 

a Grantee. Mineral. 

1 

Nature of 
grunt. Area In acres. 

Date of 

went. 
Tens. 

lialaahat (427) Mr. Krtpa Shankar Mangancac . M. L. 66 9th Septem¬ 
ber 1912. 

80 years. 

Do. (428) Seth Dhowakalmal 
OaupatlaL 

Do. 

1 
P.L. 134 20th August 

1912. 
1 year. 

Da (429) Do. . Do. . . 1 E. L. 211 Do. Do. 

Do. (490) Mr. Madhulal 
Dagar. 

Do. . . | P.L. 18 7th August 
1912. 

Do. 

Do. . 1 (431) Do. . Do. . . 1 B.L. 18 Do. Do. 

Do. (432) Messrs. Bahraansba 
Fouzdar Bros. 

Do. P. I- 221 18th July 1912 Do. 

Do. . j (433) Mr. Krlp* Hliankar Do. P.L. 87 lllli Septem¬ 
ber 1918. 

Do. 

Do. . (434) Notra Manganese 
Co.. Ltd. 

Da M. L. 16 10th July 
1912. 

WIU ex¬ 
pire with 
liie orl- 

B2 
15S5 
1841- 
08 to 
»hlch It 
Is sup¬ 
plemen¬ 
tary. 

Do. (433) Hon’ble Mr. M. B. 
Dadabhoy, C.l.K. 

Da K.L. 111 18th July 
1912. 

lyear. 

Do. (433) Do. do. . j Do. P.L. 84 22nd Anguit 
1912. 

Do. 

Do. (437) Do. da . ] Do. . . B.L. 19 Do. Do. 

Do. (438) Indian Mineral 
Mining Syndicate. 

Do. . P.L. 101 20th August 
1912. 

Do. 

Oc. (439) Hon'ble Mr. M. B. 
Dadabhoy, C.l.K. 

Do. P.L. 34 22nd August 
1912. 

Do. 

DO. . (440) Mr. Krlpa Shankar Do. P.L. 621 28rd Septem¬ 
ber 1912. 

Do. 

Do. (441) Ral Sahib Hira Lai 
Suknl. 

Do. . . M.L. 83 3rd October 
1912. 

80 yearn. 

Do. (442) India Mineral Mln- 
ing byndicate. 

Do. K.L. 920 lyear. 

Do. . j (448) Hon'ble Mr. M. B. 
Dadabboy. C.I.E. 

Do. P.L. 18 I• i . Do. 

Do. . 1 (444) Do. do. . Do. K.L. 38 Da Do. 

Do. . i (445) Mr. Byramll P»- 
tonjl. 

Do. . M.L. 
6 

52 12th October 
1912. 

30 years. 

Do. (446) Sir Kaatnrchand 
Daga, K.C.l.K. 

Da M.L. 11 21st Novem¬ 
ber 1912. 

Do. 

R. L. - Kspbriti P. L. - Profpsefwif Lie***. M.L.-* Mirtmg Ltam. 
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CENTRAL PROVINCES—cortfi. 

District. (i miller. Mineral. 

1 - 

! Saturcof 
grant. Ana lu ami. 

Date of 
rimmenre- 

nuiit. 

1 
j 

Term. 

r.AlBgllHl H47) M.VMB. 1 .nllirliai i 
Nunn min- ami Ram* 
eharan Hliankerlal. 

MamciniiN- . • P. L 28 2nd Novem¬ 
ber 1012. 

lyear. 

Do. (4*8) Hrlli Maliniutiidiam 
Slieoiutraln. 

IK*. • . P. L. 
(renewal). 

i «» 271 h July 
1012. 

0 months. 

llrtnl (448) Kluin llalutdiir M. Coal . a 31. L. 1 032 11th January 30 Venn. 
M. SJullua. 

• • • 
1012. 

IK). . (45n) Air. 11 uli:unm.i<! 
Dakar Klmu. 

Ilauxifr . • ; P. 1- . 1 DO 15th June 
1012. 

1 year. 

Do. . (451) Muhammad Dakar 
Khan. 

Mira . • K.L. . j 

1 1 
P. L. 

100 241 h Septem¬ 
ber 1012. 

Do. 

Do. . (452) ftfrwra. Smear All 
mid Miilutmnind 
HuaaJn. 

MaiieminM' . a 124 241 li Novem¬ 
ber 1012. 

Do. 

Do. . 1 (453) Do. do. . Mlm . • K. 1- 180 24th ()rtol>er 
1012. 

Do. 

Do. . (454) Do. do. . | MaitsniiMx- . • K. 1.. . f 124 Do. Do. 

Do. . (455) Mr. Muliuminnd 
Dakar Klton. 

Mira . • 1 K.L. 151 0th October 
1012. 

Do. 

Dhatwluru (4M») Mr. Sliamji Mad* 
Hi. 

M n met i . • M.I.. . i 25 171 li February 
1912. 

30 yearn. 

Do. (157) Hr. K. (*. Dununfr IK.. • to. 1- 42 4fh January 
J012. 

Do. 

IK.. (458) KHh (iimnnllaN 
Dif. 

Do. a K. U 274 3let January 
1012. 

1 ymr. 

Do. (153) Indian Minna! 
Minim* H\ odirnlr. 

IK.. • P. I~ 124 10th March 
1012. 

Do. 

IK). (400) Sir. Dyianiji l*ia» 
tonji. 

Iv>. • P. 1.. 
(renewal). 

!» W h February 
1012. 

3 months. 

Do. (401) Seth CK.nardhan 
Dan. 

no. • P. I.. 172 20th May 
1012. 

1 year. 

Do. (402) Mi’Mr*. Sehmder 
Stnhlt and ('mniwny. 

l»n. • P.L. 
(renewal). f 

205 5th May 1912 3 month*. 

Do. (403) Mr. lakaliman : 
Damodliai Wr. 

IK*. • P. 1- 
(renewal). | 

83 22 nd April 
1912. 

Do. 

Do. (404) Sliw». Dralima- 
dntla and liaijnath. 

Do. • P. L. 
(renewal). 

m 22nd April 
1912. 

Do. 

Do. (405) Do. do. . Do. a P. h. 
(renewal). 

100 20fh May 
1912. 

0 months. 

Do. (460) Mr. liymmji Pm- ! 
tonji. 

Do. 

i 

P.L 
(renewal). f 

01 26th Jnly 
1012. 

Do. 

Do. (4671 M<**r*. Srhrflder ! 
Smldl and Company. 

Do. 
P 

P. T.. 
(renewal), j 205 

a 
5th Aliena) 
1012. 

1 month 
and 27 
day*. 

00 i (408) The Indian Man- j 
gatwse Company, Ltd. 

Do. • v.u . i 
i 

_L 

45 24th SoTem- 
hrr 1012. 

1 year. 

K. L. — Exploring ben*. F. L. ■» Prtiipretinu him re. M. L. — Mining l*n$r. 
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CENTRAL PROVINCES—contd. 

District. limnin'. Mlnrml. 

. 

1 

| 

Nature of 
granu Area In ariev 

Date o| 
commence- 

nient. 

1 

Term. 
1 

1 haudara • (400) Mr. Byramji I'm- 
loujl 

Manirancac . 
i 

P.L. 
(renewal). 

185 7tli Novem¬ 
ber 1U12. 

fl moutlM. 

Bllaapur • (470) Mr. \V. J. 
Coualdlnr. 

Coal and Iron ore P. L. 11,60 28th March 
1012. 

1 year. 

Do. • (471) Do. do. . Coal . • K. L. 13,301 ltfth June 
1012. 

Do. 

Do. 

Do. 

. ' 

( 
. r 

t 

(472) Do. do. . 

(473) Mr. P. V. Dutt . 

Do. 

Do. . 

• 

• 

K. L. 

K. L. 

10,512 

33.408 

IOUi June 
1012. 

2nd Septem¬ 
ber 1012. 

Do. 

Do. 

Do. • i 

j 

(474) Dlwan Bahadur 
Ballabhdaa* and Mr. P. 
C. Dutt. 

Do. . . K. 1,. 34.726 Do. Do. 

Chanda ■ 
• (475) Mraam. M. Ran- 

hayalal and Vrnna. 
Do. . • K.L. 10,805 22nd Juno 

1012. 
Do. 

Chhindwara (470) The Hon hlr Mr. 
M.B. Dadabhoy. C.I.E. 

Manganese . • KL . 1 231. 8th January 
1012. 

Do. 

Do. • (477) Mr. John Brown . Coal . a 1 M.L. . j 270 2lnt March 
1012. 

30 yearn. 

Do. • (478) MoMra. H. V. rma 
and Kanhayatnl. 

Manganese . • ■ ...... .! 181 101 li January 
1012. 

1 year. 

Do. • (470) Mr. Bymmji lv*. 
ConJI. 

Do. • | p. h. 
(renewal). 

172 1 8th January 
1012. 

Do. 

Do. • (4WI) Mr*er*. Macbeth 
Brother* .t Co. 

Coal . • 1 M. L. 8,4110 25Ui April 
1012. 

10 year*. 

Do. • (481) HniTIdr Mr. M B. 
Dadabboy. CM.K. 

Manga near . • P.L. .08 j let April 1012 I year. 

Do. • (182) MnwfK. W. Vrnna 
and Kanhaynlal. 

Do. 
■ 

P. 1.. ms 101 »i May 
1012. 

Do. 

Do. • (483) Do. do. . Do. 
fl 

P. K 410 Int May 1012 Do. 

Do • ; (484) Meaar*. Shaw. Wal- 
, lace and Company. 

Coal . 
* 
1 • P.L. 

(renewal). ; 
5.480 2-'l rd March 1 

1012. 
Do. 

Do. • 1 (485) Mown. H. Verma 
and Kanhayalal. 

Manganr*r . • P. L. . 

a 

111 4 th May 1012 Do. 

Do. • (480) Do. do. . Do. • 1 P.L. . 1 
l 

01 10th June 
1012. 

Do. 

Do. • (487) Mcwra. Him*. Wal¬ 
lace * Co. (Pewh Val- 

, Iry Coal Co.. Ltd.). 

Coal . • ML. 545 12th Auguot 
1012. 

30 yean. 

Do. • (488) Mown*. Shaw. Wnl- 
J Urr ft CU. (IVnrh 

River Coal Oomiwn.v). 

Do. . M L. . , 1,511 Do. Do. 

Do. 0 (480) Mewra. Shaw. Wal¬ 
lace ft Co. (Central 
Pench Coal Co., Lid.). 

Do. . • I M. L. . ■ 1,200 13th Augunt 
1012. 

Do. 

Do. • ; (400) Mmam. Shaw. Wal¬ 
lace ft Co. (Pencil Con- 

| no 1 Ida ted CXml Co.). 

Do. • ML. . 1,400 Do. Do. 

kj. L. - P.L - Pr,»pe«i»i Lin**-. M. I.. - Minin* Leo*. 
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CENTRAL PROVINCES—oontd. 

District. Grantee. Mineral. Nature of 
grant. Area In aerca. 

Chhlndwara • (491) Messrs. Shaw Wal¬ 
lace A Co. (Prnch 
Valley Coal Co.. Ltd.). 

Manganese . M.L. • 

1 

920 18th August 
1912. 

! •• • to 

so yean. 

Do. • (492) Tbe Hon'blc Mr. 
M. B. Dadabhoy. CJ.B. 

Do. . • P.L. 
(renewal). 

68 1 27th June 
1012. 

1 year. 

Do. • (498) Do. do. . Do. . • P.L. • 160 27th July 
1012. 

Do 

Do. • (494) Do. do. . Do. P.L. • j 270 Do. . j Do. 

Do. • (495) Do. do. . Do. • P.L. 
* | 

116 Do. Do. 

Do. • (490) Mr. Byram)) Pes- 
loaJL 

Do. • | P. L. # l 

f 
844 

| 
18th Novem¬ 
ber 1912. 

6 month! 

Do. • (497) Mcaars. 11. Venn* 
and Kanahyalal. 

Coal . • | E. L. 
•i 

6.428 j 20th Novem¬ 
ber 1012. 

1 year. 

Jnbbulpur a (498) Mr. M. (lupta Soapstone • P.L. i • | 188 •tli May 1912 Do. 

Do. • (409) Mr. P. C. Dutt . AU minerals • 1 E.L. • 086 Do. Do. 

Do. • (600) Mr. P. C. l)ntt and 
Dlwan Bahadur Bal¬ 
ia bhdaae. 

Soapstone ami coal B.L. 6.464 | 10th July 1912 Do. 

1 

Do. • (601) Do. do. . Iron Pyrites • R. L. • 988 Do. Do. 

Do. • (508) Messrs. Turner 
Morrison A Co. 

Barytes . • P.L • 570 

j 

9th December 
1912. 

i 

' Do. 

Nagjmr • i (503) Messrs. Ulhiharl 
Narayandass and Ram- 
charan Shankar lal. 

Manganese . • , P.L. • 224 

1 

26th March 
1912. 

Do. 

Do. • (604) Messrs. Gancshram 
Shooprotap A Son*. 

Do. • P.L. • 23 Do. Do. 

Do. • ! (606) Mr. P. Balkrishna 
1 Naldu. 

Do. • j P.L. 
1 

; 412 28rd March 
1912. 

Do. 

1 

Do. t 1 (500) Messrs. Radhaklsan 
1 Brothers. 

Do. 9 1 P.L. 
♦ • 186 Do. ! Do. 

(607) Messrs. Lalblharl 
and Ramcharan. 

(608) Messrs. Radhakfcan 
Brothers. 

(509) Mr. Madhulal 
Dugar. 

(510) Mem. Schrftder 
8mWt A Co. 

(5U) Nagpur Manganese 
Mining Syndicate. 

(512) Messri». RehrMer 
Bmldt & Co. 

(518) Indian Mineral 
Mining Syndicate. 

. P. L. 

. ' P.L. 

. P.L. 

. M.L. 

. P.L. 

. P.L. 

20th March Do. 
1912. 

23rd March Do, 
1912. 

12th January Do. 
1912. 

3rd February Do. 
1912. 

20th February 6 year*. 
1912. 

3rd February 1 
1912. 

17th January 1 Do. 
1912. 
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• CENTRAL PROVINCES—amtf. 

Drainer. Grant**. Mineral. 
Nature ol 

grant. Area In acres. 
Date of 

commence¬ 
ment. 

Term. 

Nagpur (514) Mr. A. Hanmant 
Boo. 

Manganese I . • P.L. 

%« r 

7 

gk 4 

28th January 
1812. 

^■4 a ww a 

lytar. 

Do. (615) Nagpur Manganeae 
Mining Syndicate. 

Do. • • M. L • 34 17th February 
1812. 

80 yean. 

(616) Meatr*. Sc hinder 
Sraldt and Company. 

Do. • • P.L. 106 3rd February 
1812. 

1 year. 

Do. . 1 (617) Nagpur Manganeae 
Mining Syndicate. 

Do. • • P.L. 30 8tb February 
1812. 

Do. 

Do. . | (618) Miaara. Ganrahram 
Bhcopratap and Sons. 

Do. • P.L. 220 23rd January 
1812. 

Da 

Do. . (618) Nagpur Manganne 
Mining Syndicate. 

Do. • P.L. 13 8th February 
1812. 

Do. 

Do. (620) Do. da da . Do. • M. L. 2 18th February 
1812. 

10 yean. 

Do. (621) D. Kauidar 
Brother*. 

Do. • • P.L. 
(renewal). 

46 7th January 
1812. 

6 months. 

Do. • (622) M.aara- L. R. lUm-. 
chandra £ Cu. 

1)0. • P. L. 
(renewal). 

147 20th January 
1812. 

lyear. 

Do. (623) Mr. Ubdunan Da- 
niodar Lelo. 

| Du. • • P. L. 
(renewal). 

12 Do. . Da 

Do. . j (624) Mr. Byraiajl Pcstuu- 
1*. 

Du. • 
# 

P.L. 
(renewal). 

87 10th January 
1812. 

Do. 

Do. (526) Mr. Lakahman Da¬ 
rn udar Lrle. 

Do. • • I B.L. 83 26th Jauuary 
1812. 

Do. 

Do. (526) Mraara. LalWhari 
and Ramcharaa. I 

• • 1 P. L. 
(renewal). 

38 18th February 
1812. 

Da 

Da . ! (527) Mr. Mahaoaudram 
Hlx'unarayau. 

Do. • • P.L. . 1 83 2»th Moy 1812 Do. 

Do. (628) Central Iudla Min¬ 
ing Company. 

Do. • • P.L. 86 28th May 1812 Do 

Do. (620) Mr. Lakahman 
Damodar J.de. 

Da • • P.L. 83 20th May 1012 Do. 

Do. (580) Nagpur Manganrec 
Mining Syndicate. 

; 

• • P.L. .; 40 24th April 
1812. 

Do. 

Do. (631) Hanallal Abirdiand 
Mining Syndicate. 

Do.. • • | 7 6th May 1812 30 yean. 

Do. (532) Meaara. Sehrtder 
Smldt £ Co. 

Do. • • P.L. 102 20th May 1812 I year. 

DO. (638) Nagpur Manganese 
Mining Syndicate. 

1 Do. • • j p. l. 
(renewal). 

83 10th June 
1912. 

Da 

Do. (634) Mr. Ukslunan 
Damodar Lde. 

Do. • • | P.L. 
(renewal). 

62 21st May 1912 Da 

Do. (536) Nagpur Manganese 
Mining Syndicate. 

Do. • • P.L. 
(renewal). 

143 7lb June 1012 DO. 

Do. (636) Do. do. . Do. • • P.L. 
(renewal). 

366 28th May 
1912. 

Da 

K.L.-Bxphri»e l^mu. P. L.- ProfH**, Ucm*. M. L.~Afuua# Ltau. 

E 
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CENTRAL PR0VINCE8— 

[Dimer. Grantee. Mineral. 
Hater* of 

Araalaaarea. 
Date^ 

Term. 

ifafpur (58?) Indian Mineral 
Mining Syndicate. 

Mangaawe . • P.L. 188 8th Jaly 1918 I year. 

Do. (638) Carnegie Steel Com¬ 
pany. 

Wolframite • ML. 180 9«th Septem¬ 
ber 1918. 

80 year*. 

Do. (680) Mr. A. Hanmant 
Rao. 

Manganre© • ML. 8 18th Septem- 
ber 1918. 

Do. 

Do. (540) Mr. P. Balkrkiioa 
Naldn. 

Do. • P.L. 158 28th A u gnat 
1918. 

lyear. 

Do. (541) Mr. Madholal Dngar. Do. • P.L. 87 6th Angnat 
1918. 

Do. 

Do. (648) Nagpur Manganeao 
Mining Syndicate. 

Do. • ML 98 88rd August 
1918. 

16 yeara. 

Do. (549) Mr. T. B. Kantharia Do. • P.L. 185 8th July 1918 1 year. 

Do. (644) Mr. P. Balkrtahna 
Naldu. 

Do. a F. L. 
(renewal). 

108 18Ui May 1912 Do. 

Do. (546) Do. do. . Do. • P. L. 
(renewal). 

100 7th Jane 1918 Do. 

Do. (548) Mean*. Radha Xlaao 
Brother*. 

Do. • P.L. 
(renewal). 

7 4th Joly 1918 Do. 

Do. (547) Do. do. . Do. . • P.L. 
(renewal). 

19 11th Angnat 
1918. 

Do. 

Do. (548) Indian Mangaoree 
Company. 

Do. • I P.L. 
% 

91 28th Angnat 
1918. 

Do. 

Do. (540) Mwaw. ftiuram 
Natliu and Govlnd 
SlUtam. 

Do • P.L. 
(renewal). 

859 6th September 
1912. 

Da 

Do. (550) Central India Mining 
Co.. Ud. 

Do. • P.L. 448 25th October 
1912. 

Do. 

Do. (661) R*l nabadur Ttanal- 
lal AMrchand Mining 
Syndicate. 

Da • ML. 172 11th October 
1912. 

28 yean— 
10 months 
-29 days. 

Do. . ! (552) Mown. Lalbebari 
Karalndaa and Ram- 
charon Bhankrrlal. 

Do. • ML. 81 17th October 
1918. 

6 yean. 

Do. (663) Do. do. . Do. • P.L. 88 18th October 
1912. 

lyear. 

Do. (664) Indian Manganrf 
Co.. Ltd. 

Do. . • P.L. 1 “ 
28rd Norem- 
b« 1912. 

Do. 

Do. (666) Meaan. Badhakfean 
Brothers. 

Do. • P.L. 
(renewal). - 

I 

16th May 1912 Do. 

Do. (666) Mr. Iakahmau 
Damodhar Lele. 

Do. a P.L. 46 14th December 
1919. . 

Do. 

Do. (667) Seth Mahanand 
Bam Sbeonaraln. 

Do. • P.L. 814 80th Norem- 
ber 1912. 

Do. 

Do. ^ . (668) Indian Mineral 
Mining Syndicate. 

Do. a P.L. 
(renewal). 

198 4th Jnly 1912 Do. 

K. L.mZsptfii* Lion*. P. t. - Prc^ti^ Licnm. M. L,-Mim+f Ida* 
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CENTRAL PROVINCES—contef. 

Damn. G tan tee. Mineral. Nature of 
grant. 

! Area In aerei. 

1 
Date of 

commence¬ 
ment. 

Term. 

Ktfpur (56t) Mr. P. Balkrtahna Manga n—e P.L. 1 487 28th Anguat 1 ywr.. 
Nalda. 

• fci 
(renewal). • 

1.7W 

10)2. 

Do. (MO) 8|rG. M. Chltnavla, Do. P.L. 14th Augnat Da 

1 (renewal). 10)2. 

Do. (Ml) Nagpur Mangancne Do. P.L.. . 114 8 lit Doerabe r Do. 

kj Mlntag Hyndimtr. 
* 

l 1012. 

Do. (581) Do. do, . Do. B.L. 11 Do. j . Do. 

Do. (683) Do. do. . Do. P.L. 
(renewal). 

464 23rd Septem¬ 
ber 1012. 

Da 

Do. (684) Do. do. . Do. P.L. 88 26th Or tuber Da 
(renewal). JOJM. 

Do. (686) Do. do. . Do. BL. 82 3 lit Drrrm- 
ber 1012. 

Da 

Do. . (688) Do. do. . Do. B.L. 05 Do. Do. 

Do. (687) Meant*. Ballbhadra Do. B.L. 104 26th October Do. 
and Mohaulal. 1012. 

Do. (688) Nagpur Manganesr Do. P. L. 71 4th November Da 
Mining Syndicate. (renewal). 1012. 

Do. (680) Do. do. . Do. . . j B.L. 30 Slat. Decem¬ Do. 
ber 1012. 

Do. (670) Do. do. . Do. K. L. 17 Do. , ] Da 

Do. (671) Do. do. . Do. B. L. 35 Do. Da 

Do. . j (571) Do. do. . Do. E. L. 00 Do. Do. 

fanlngpiir . (673) Dcwan Bahadur Iron and Coal . B.L. . 281 2nd September Da 
Ballabhdaae d Son* 
■nd Mr. P. C. Dutt. 

1012. 

Wpur . (574) Mr. ByramJI Pra- 
tonfl. 

flvniftlfr . B.L. 41 22nd May 
1012. 

Da 

Do. . . (676) Mr. T. B. Kantha- Do. P.L. 361 14th October Do. 
rln. (renewal). 1012. 

ftufor , (678) Meant*. Ganpat Kao Iron. Oold, 8llrcr. P.L. 20Ui August Da 
Shrlkhandc, Go|«l Rno Copper? Coal and 1012. 
Bhrikbande, Raju- 
krWinaRao 8hrikhan- 
do and Damodar Kao 
8hrlkhnndc, Kao Baba- 
dot. 

Mineral 00. 

Do. . (577) Mr. P. C. Dutt and Iron-ore B.L. 1,104 2nd Septem¬ Da 
Divan Bahadur 
BallabhdaM. 

ber 1012. 

Do. . (878) Do. do. . Iron and Copper R.L. 1.800 Do. Do. 
ore*. 

«ol . (678) Maaara. 8ci.rdder 
Smldt A Co. 

P.L. Ml 2nd Pebraarr 
1012. 

Da 

». L.-Brplortof IMrnm. P._L.— PrvtptOing Ucm*. K. L.-*<*<*# Luti. 

*2 
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CENTRAL PROVINCES—oondd. 

District. Grantee. Mineral. 
N at ore of 

fruit. Are* in acre*. 
Date of 

oommenco- 
ment. 

Term. 

Heonl . (580) Mew*. Ratan- 
ohsild Kcshrlchaud 
Chullancy A Sou. 

Silver and Lead . P.L. £84 1 year. 

Do. . (681) Hon'ble Mr. M. B. 
Dadabhoy, C.I.B. 

Manganese . i P.L. 227 lit April 1012 Do. 

Do. . (682) Misers. Khlmjl 
KuverJL 

Do. P.L. OR 20 th October 
1012. 

Do. 

MADRAS. 

Anantapux . (68S) The Indian Minerals 
Co., Betamcherla. 

AU Minerals E.L. The whole of 
Gooty and 
Tedpatrl 
Taluks, ox- 
elusive of 
private jmUm 

land*. 

13th March 
1012. 

lyear. 

bell ary . 

L- • 
(584) Mr. A. Obose, 

Dhnno 
Do. K. L. Copper mount- 

tain range*. 
28th August 
1012. 

Do. 

Chlnfkput . 

^ -l 

(585) Jamee Short, Bsq, 
Madras. 

Do. P. 1- Not staled OtJi February 
1012. 

Do. 

Clilttoor (588) UnvlDdJI OdoJI Salt, 
Madras. 

Coroodum P.L 45-04 27th January 
1012. 

Do. 

Do. (587) Do. . Do. . P.L. 1808 1st March 
1012. 

Do. 

Do. . ; (588) Do. . . . Da P.L. 178 14th Decem¬ 
ber 1012. 

Do. 

Coimbatore . (580) C. V. Kara say ya, 
Barr 1st cr-at-Law. 

Mkm . P.L. 601 2nd March 
1012. 

Do. 

Guntur . (600) Mr. A. Chose, All minerals E.L. Oneole Divi¬ 
sion. 

27th Septem¬ 
ber 1012. 

Do. 

Do. . (501) Mr. C. Jamboo, 
Calcutta. 

Diamonds . E.L. Sat tana pa 111 
Taluk. 

Do. Da 

Kurnool (502) Gangajl East of 
Kurnool. 

All minerals E.L. Whole of 
Nandlkotkur 
Taluk. 

17th February 
1012. 

Do. 

Do. (603) A. Obose, Eaq. . j Do. . E.L. Whole of 
Pattlkonda 
Taluk. 

loth March 
1012. 

Do. 

Do. (504) H. Whitney Coatea, 
Esq., of Mew*. Wrcnn 
Bennett A Co, 
Bangalore. 

Diamonds . P.L. 400 acres In 
8. No. 342-A 
of Sur|>oraJa- 
puram (w st¬ 
em portion). 

22nd April 
1012. 

Do. 

Do. (506) Memrs. BeardseU A 
Co, Madras. 

Baryte* P.L. 5 00 In De¬ 
tain cl icr la 

2nd July 
1012. 

Da 

—1. 

fSSt. 

«■». M. Ink 
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District, (irantr?. Mineral. 
Nature of 

gnnt. Area In acroa. Term. 

Kornool (606) Mrmn. lkardaell A 
Co., Madraa. 

■ ™ ^ - 

Barytca . P.L. 6 2nd July 1912 1 year. 

Ncllore . (697) Sankara Mining 
Syndicate. 

8am an kite Ml. 22 80 SOtb Septem¬ 
ber 1011. 

21 yean 
10 month! 
27 daye. 

Do. . (698) K. Pcnchaln Reddl Mica . 
• 

M.L. 155-86 26th August 
1911. 

80 yeari. 

Do. . (599) P. Vcnkaframa 
.Nayudu. 

Do. . P.L. 10-99 19th August 
1911. 

lyear. 

Do. . (800) I.t.*Col. M. K. Re* 
porter. 

Do. . M.L. 44‘33 8tli January 
1912. 

so yean 

Do. . (601) N. Narayaun Ra)u Da . M.L. 96'HO 11th Septem¬ 
ber 1911. 

Do. 

Do. . (602) Hubramania Clict- 
Uyar. 

Do. . . . M. L. 17-09 6th August 
1911. 

Do. 

Do. . (OttJ) R. Ulubminarawi 
Reddl. 

Do. . P.L. . 21*65 Oth February 
1912. 

1 year. 

Do . . . | (604) JatU lularama 
Roddl. 

Do. . . M.L. 6-26 9lh October 
1911. 

20 yean 

Do. . (606) P. KiUhnuwarol 
Miulallyar. 

Da P. U . 26*48 10th November 
1911. 

1 year. 

Do. . (606) V. Vrnkataoubbay- 
ya -Nayudu. 

China day . M.L. 4662 8t.h Novem¬ 
ber 1911. 

30 yean. 

Do. . (607) P. KrbhnaawimJ 
Mudallyar. 

Mica . P.L. 28-70 4th November 
1911. 

1 year. 

Do. . (608) Mew HaJI Mu- 
liaramod Badri m Sahib 
A Co. 

Do. . P.L. 86 00 10th January 
1912. 

Da 

Do. . (609) P. Kriahnaawaml 
Mudallyar. 

Do. ■ • ■ P.L. 32-07 lit March 
1912. 

Do. 
• 

Do. . (610) 0. Chenchu 8ubba 
Reddl. 

Do. • • • P.L. 10*25 21ft May 1912 Do. 

Do. . (611) P. V. Kririina Rao Do. . P.L. 19-35 4th March 1012 Do. 

Do. . (612) Q. Nagayya . Do. • P.L. 17-82 28th April 
1912. 

Do. 

D>. . (618) George IUgen AD minerals B.L. No apwlflcd 
area was 
given ; but 

6th June 1912 Do. 

wxT* granted 
to explore 
over r nerved 
and unre¬ 
served land. 

Do. . (614) Fred. Crow, Eaq. . Garnet P.L. 21-40 20th April 
1912. 

Da 

Do. . . (616) Maaa Abdul Rahb 
man Sahib. 

Mica . M.L. . 84-66 19th March 
1912. 

80 yoan. 

S.L.-StrMmt Utnm. t.L.-Pnttptutrt Lkmu. M. L.-Umvq lux. 
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Dmotot. Grantee. Mineral. 
Nature o( 

gnat. 
Area in acre*. 

Data of 
commence* 

meat. 
\ 

Term. 

Nellore . (618) P. KrfahQMwuai 
MadlUyar. 

AU miner ale B.L. AU anoooopled 
lands. 

22nd August 
1012. 

lyear. 

Do. . 
(61dLA' 

Do. S.L. AU uuo«upl«l 
reserved and 

27th Septem¬ 
ber mL 

Da 

lands in 
Government 

; 

Tricldnopoly . (618) A. Ohote. Baq- 
Jletamcherla. 

Do. EL. *30.720 w- 
eluding pri¬ 
vate natU 
and in*m 
lands. 

21st May 1012 Do. 

Vliagapatarn . (610) Mr. T. R. Loras, 
Manager of tbe Bobbin 
Mining Co.. Ltd. 

Manganese . • M.L. 762 0th SUrcdi 
, 1012. 
1 

80 year*. 

PUNJAB • 

Jltelutn . (62n) Uta Tlmkur Dm 
iUniJl Dm. 

Coal . ML. 465 30th October 
1010. 

80 yoare. 

Kangra (621) T. J. GrccnsJU Rlatca K.L. 
. 0 

2,805'885 6th August 
1012. 

lyear. 

Rawalpindi . (622) Col. P. H. H. Mwy, 
I. A. (retired). 

Mineral oU . B. L. 640 14Ui An gnat 
1012. 

Do. 

E. L -Erpiomy Lian*. P. LLira**. M. L.-Uimimg Uau. 

SUMMARY. 

PAOTIRCI4. 
• 

Prospecting 
License*. 

Exploring 
licenses. 

Mining 
Leases. 

Total of aach 
Province. 

Assam. 6 • • 2 8 

Baluchi* tan. • • • • 3 s 

1 • a • a 1 

Bihar sod Orissa.- • , 20 a a 8 37 

Bombay. I 7 a a 8 

Burma. 310 13 8 885 

Central Pton lucra .. 118 43 84 

18 10 0 87 

Punjab. • • 2 1 8 

Total for e**k klad ud Grand Total, U1S 487 7» 60 m 

TUc/i for 1111 US 99 Si m 
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CLASSIFICATION OF LICENSES AND LEASES. 

idle 28.—Prospecting Licensee and Mining Leases granted in 

during 1912. 

Prospecting Licenses. 

Kliasi and Jaintia Hill* . 
Do. 

Lakhimpur . 

Nowgong 

10.0T.2-48 
7,040 

12,800 

12,800 

Corundum. 
Mineral oil. 
Coal, oil, nlato, shalo, iron 

and other motels ox- 
clusive of gold, silver 
and precious stone*. 

Cool. 

Total 

Lakhimpur 
Naga Hills . 

ro pur . 
Hills • 

Total 

Mining Leases. 
1,280 
2,72803 

Coal. 
Coal. 

Table 29.—Mining Leases granted in Baluchistan during 1912. 

Kalat . 
Zhob 

Coal. 
Chromite. 

Total 
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Table 30.—Prospecting Licenses granted in Bengal during 1912. 

1912. 

District. 

No. 
Are* in 

aoroH. 
Mineral. 

Chittagong .... 1 3,071 Mineral oil. 

Total l • • 

ABLE 31.—Prospecting Licenses and Mining Leases granted in Bihar and 

Orissa during 19/2. 

1912. 

District. 

No. 
Area in 

Mineral. 
acre*. 

% 

Prospecting Licenses. 

Hazaribagh .... 20 2,003-24 Mica. 

Sambalpur .... 3 3,547-04 Coal. 

Singh bhum .... 3 3,041-0 Manganese. 
Do. . . . . 1 2 1,369 0 Iron-ore. 

Do. 1 3,200 Galena anil its associates. 
(about). 

Total 29 • • 

Mining Leases. 

Hazaribagh .... 6 477 Mica. 

Singhbhum .... 

1 
2 4,121-6 iron-ore. 

" Total 8 • • 
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Table 32.—Prospecting Licenses granted in Bombay during 1912. 

Panch Mahals 

Total 

Table 33.—Prospecting Licenses and Mining Leases granted in Burma 

during 1912. 

1912. 

District. 

Aroa in 

Ann*. 
Mineral. 

Amhorat 
Do. 
Do. 

Katha 

Do. 
Do. 

Do. 
Magwe 

Mandalay 
Mergui 

Prospecting Licenses. 

4 <5,080 
1 2,240 
1 2,080 

1 2,080 

. 1 040 

. 1 761-36 

2 3,620 
1 220 

2,404 
3,620 
6,143 
2,600 

166,660-787 
2,191-36 

All minerals except oil. 
Wolfram. 
Wolfram, gold, silver and 
copper. 

Tin, wolfram, gold, silver 
and oopper. 

Gold, nilv or, load, copper 
and mica. 

Gold, silver, copper, tin 
and load. 

Silver and load. 
Copper, g°W, silver, load, 
tin, iron, coal, asbestos 
and xinc. 

Lead. 
Petroleum. 
Mineral oil. 
Load and silver. 
All minerals (except oil). 
Wolfram, gold, tin and 
allied metals. 

Carried over 
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Table 33.—Prospecting Licenses and Mining Leasee granted in Burma 

during 1912—contd. 

1911. 

District. 

' No. ^ 
Are* in 
acres. 

Mineral. 

Prospecting Licenses—contd. 

Brought forward . 1 
1 

89 0 0 

Morgui • • • • 1 T40 Tin. 
Do. • • • • 2 6,25004 Wolfram. 

Minbu • • 0 0 13 24,304 94 : Potrpleum. 
Do. • • • • I 22 20,902 13 • Mineral oil. 

| Potroloum. Myingyan • • 0 © ] 1) 8.040 28 
Do. • • • • 1 tt 0,043-35 Mineral oil. 

Do. • • • • I 1 2,5* JO Wolfram, jasper and pre¬ 
cious stones. 

Myitkyina 
Do. 

• • 
• 

• • 
• • 

1 
2 

040 
8,1(M> 

Topper, silver and Iron. 
Platinum. 

Do. • • • 1 7,080 Gold, platinum and mine¬ 
rals of tho platinum 

North ora Shon States • • 1 000 
group. 

Lead and allied metals. 
Do. • • 1 3,200 Coal. 
Do. • • 1 900 Galena and allied minerals. 
Do. • • 1 040 Load, silver and allied 

minerals. 
Do. • • 1 3,200 Silver, lead, iron and 

ooppor. 
Pakokku • • 0 9,146-88 Petroleum. 

Do. • • 6 6,691 49 Minoral oil. 
Pagu • • 1 5,670-40 Gold and tin. 
Prom© • • 1 3,200 Petroleum. 

Do. • • 2 8,602-10 Minoral oil. 

Sagaing • • 1 3,190 Petroleum. 

Do. 

Salween 
* • 
• • 

1 
1 

9,561-0 
3,200 

Copper ore. 

Shwebo • • 2 0.400 Petroleum. 
Southern Shan States • • 1 160 Gold and silver. 

Do. # 0 1 2,560 Tungsten, tin, copper and 
associated minerals. 

Do. • • 1 040 Gold, silver, copper and 
• lead. 

Do. # 1 1,547 Gold and associated mine¬ 
rals. 

Do. a 0 1 3,200 Cod. 
Do. • • 1 3,200 Gold, copper, tin, and 

A allied minerals. 

L Carried over . 178 t • 
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Table 33.—Prospecting Licenses and Mining Leases granted in Burma 

during 1912—concld. 

1911. 

District. 

No. 
Area in 
acres. Mineral. 

Prospecting Licenses—concld. 

Brought forward . 178 • • 

Southern Shan State 2 OHO All mineral* (except oil). 
Do. 1 400 Silver and load. 
Do. 1 3,200 Copper and other mineral* 

(except mineral oil). 

Do. 1 j OHO Antimony, lead, silver and 
tin. 

Tavoy ..... 95 216,279-75 All mineral* (except oil.) 
Tin, wolfram and alluvl 

minerals. 
Do. 3 2,989 

Do. .... 1 1.218 Wolfram. 

T baton .... 17 04,249-70 All mineral* (except oil.) 
Thayotmyo .... 4 9,080-32 Petroleum. 
Do. 0 20,008 Mineral oil. 

Do. 1 1,020 Gold. 

Toungoo .... 2 3,200 Gold, silver, tin, iron and 
wolfram. 

Upper Chbulwin . 3 05,280 Potrolouin. 

Do. ... 1 40,960 Coal and other minerals 
(except oil). 

Total 319 • • 

Mining Leases, 

Mandalay . 1 GO-68 Iron ore. 
Myingyan .... 1 1,920 Minend,o»l. 
Southern Shan States l 2-1 

• 

Lead and silver. 

Total 3 • • 
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Table 34.—Prospecting Licenses and Mining Leases granted in the 

Central Provinces during 1912. 

1012. 

District. 

No. 
Area In 

Minora 1. 
aorca. 

Prospecting Licenses. 

Ualaglial a 2ft 3,200 . MnngnncMu. 
lk*tul . ... • 1 or. ' Bauxite. 

1)<». • 1 124 ! Manganese. 
Bhandnra • 11 1.543 l>o. 
Bilaspur • 1 11,02.1 

3,**33 
Coal and Iron. 

Chliittdwara . • 1.1 Manguneao. 
Do. • 1 6.400 Coal. 

Jiibbulpur . . . • 1 103 ; Soapstone. 
Do. ... • 1 670 Barytes. 

Nagpur 
llaipur . . . 

• 
• 

62 
1 

8,87.1 
351 

Manganese. 
Graphite. 

Saugor • 1 601 Iron, gold, silver, copper, 
coal and mineral oil. 

Seoni .... • 3 650 Manganuee. 
Do. • 1 284 Silver and leaiL 

Total • 113 • • 

Mining Leases. 

Bala^hal 9 
• 

14 
1 

1,701 
171 

Manganese. 
Mica. 

BetuI . ‘ . • 1 1,0.12 Coal. 
Bhandara • 2 67 Manganceo. 
Chhindwara . • G 11,516 Coal. 

Do. . 
Nagpur 

• 
• 

1 
8 

929 
353 

Mangancac. 

Do. ... • 1 120 Wolfram. 

Torn • 34 • • 
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Table 35.—Prospecting Licenses and Mining Leases granted in 
Madras during 1912. 

District. 

1012. 

No. Area lu 
acres. Mineral. 

Prc 

Chlngleput .... 
Oiittoor .... 
Coimbatore .... 
Kumool .... 
Do. 
Do. .... 

Nolloro .... 
Do. ... 

tspecting 1 

i 
3 
1 
1 
1 
1 
ft 
1 

-i censes. 

Not stated 
237 10 
C-ftl 
400 
6 
0 
203-31 
21 40 

All minerals. 
Corundum. 
Mica. 
Diamonds. 

nr 
Mica. 
Gamot. 

Total 18 • • 

Nell ore .... 
Do. .... 
Do. .... 

Vizagapatam 

Total 

Mining Le 

i 
ti 
i 
i 

0 

22-30 
366-28 

4ft-«2 
7-02 

Ramarskito. 
Mina. 
Oiina clay. 
Manganese. 

• • 

Table 36.—Mining Leases granted in the Punjab during 1912. 

District. 

1912. 

No. Area in 
Acrea. Mineral. 

Jholum .... 

Total 

1 . 466 Coal. 

1 • • 
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Notes on the Relationship of the Himalaya to 
THE INDO-GANGETIC PLAIN AND THE INDIAN PENIN¬ 
SULA. By H. H. Hayden, C.I.E., Director, Geological 
Survey of India} (With Plates $ and 4.) 

One of the most striking features of the Himalayan mountain 
system is the great series of transverse ridges which can be traced 
from end to end along its outer margin and constitutes the Lesser 
Himalaya. Standing on tho heights above one of the Himalayan 
hill-stations and looking along the rango, the observer sees ridge 
after ridge, all of approximately tho same height and each separated 
from tho other by a deep, yet comparatively flat-bottomed, valley 
many thousand feet below tho crest of the ridge. A very marked 
characteristic of this topography is the uniformity of height of 
the long straight ridges, and it is impossible to resist the impres¬ 
sion that they arc merely the relics of a deeply eroded peneplain, 
an impression which becomes conviction when one sees a model of 
a representative part of the mountain system. Such a model has 
recently been constructed by Major M. O’C. . Tandy, R.E., 
of the Survey of India, who has reproduced on a horizontal scale 
of 16 miles= 1*014 inch and a vertical scale 8J times as large, 
the Himalayan region of Kumaun and Garhwal and to whom 
1 am indebted for permission to reproduce the accompanying 
photograph (Plate 3, fig. 1). On the south-west is the gently 
sloping plain of the Gangetic alluvium passing into billowy 
ridges of tho Siwalik hills; these stand as outworks in front 
of tho great Himalayan wall which rises sheer and abrupt from 
the open * duns * at its foot. Tho wall is but the edge of a shelf- 
which extends all along the Himalaya and across them as far as 
the line of high snowy peaks, where again a second abrupt wall 
rises,—the outer wall of the central granitic core. Beyond the 
latter we reach the fossiliferous sedimentary zone belonging to the 
geosynclinal of the Tethys; but with this we are now only inci¬ 
dentally concerned and our chief interest centres round the peneplain 
of the Lesser Himalaya, the component rocks of which oonsist 

f: 
1 I am indebted to all my colleagues of the Geological Surrey Department, 

and especially to Mr. C. S. Middlomias, for muoh valuable criticism of this note 
before it waa sent to press. 
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primarily of the members of the Carbonaceous system, with its 

various supposed representatives, and the Sirmur series, which, 

however, forms only the outer fringe of the broad peneplain. 

Many attempts have been made to find the correct position 

of the Carbonaceous system in the geological scale, but none is 

yet entirely convincing. For a considerable' period the assumed 

identity of the Blaini boulder-bed with that of the Talchir series 

was accepted as evidence of an Upper Carboniferous or Permian 

age for the Blaini series and the Carbonaceous slates and a Trias- 

sic for the overlying limestone of the Krol mountain. So far as 

lithological characters go there is much to be said for this corre¬ 

lation in view of the marked resemblance of Blaini boulder-bed 

to Talchir, whilst the so-called “ Bleach slates/* 

to§iuhctou^ 1 teriei ”o w^lic^ over,ie the boulder-bed, are extra- 
tb« Parana systen. ordinarily like the Gangamopteris beds of Kashmir. 

At the same time an almost equally good case 

can be made out on lithological grounds for correlation with the 

Haimanta and Muth systems of Bpiti. On the other hand the ap¬ 

parently complete absence of fossils throughout this broad zone 

of the Himalaya makes it difficult to believe that it belongs to 

any of the recognised post-Purana systems. It has been suggested 

by a writer in Nature (vol. LXXXI, (1909), p. 425) that the Carbo¬ 

naceous system may represent a flysch facies of the systems of 

8piti. Its thickness, with the Simla slates and Shali limestone, 

is many thousand—perhaps 10,000—feet, or about equivalent to the 

whole of the Palaeozoic (including Haimanta), or to the whole of the 

Mesozoic and Tertiary strata as developed in the higher Himalaya 

of Spiti and Kuraaun; a large part of this suggested flysch series 

consists of fine-grained limestone—Shali, Deoban, Krol—, which 

cannot with any show of probability be regarded as of other than 

normal marine origin ; there is consequently no reason to suppose 

that the Carbonaceous system represents merely a short phase in 

geological history and it does not seem probable that marine 

organisms with hard parts should havo been entirely absent for such 

vast periods from any Bea that may have covered this area while 

present in great numbers in the adjoining basin. The flysch 

hypothesis has in fact already been carefully examined and rejected1 

and there is no apparent reason for ite revival. The Shali lime¬ 

stone, which has been correlated by Oldham with that of the 

» T. H. Holland ; Rtc. OtcL Surv. India., toI. XJCXVII (1008), p. 133, 
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Deoban hill, is a compact, fine-grained, cryptocrystalline rook often 

perfectly homogeneous, but at times containing masses of flint 

and small spherical grains. No trace of recognisable organisms has 

been discovered either in the Shali or in the Deoban lime¬ 

stone, although on the Mashobra-Naldera ridge near Simla the 

Shali limestone at first sight appears to be highly fossiliferous 

and resembles a Fusulina limestone ; closer examination, however, 

proves the peculiar appearance to be merely the result of breccia- 

tion, the rock consisting of comminuted fragments, some of which 

arc dark grey or black and othors reddish brown. 1 

The Krol limestone, as Medlicott pointed out, resembles that 

of the Shali in many rospecta; stratigraphically, however, the 

latter appears to be very much the older and is usually regarded 

as older than the Infra-Blaini beds (Simla slates) and as the equi¬ 

valent in age of the limestone of the Deoban poak. Whether 

the Shali and Krol limestones be of the same age or not is imma¬ 

terial to the present purj>ose, which is to draw attention to the 

amount of disturbance that all these old Himalayan formations 

have undergone and which differentiates them at once from the 

fossiliferous rocks associated with them in the outer part of the range 

as well as from the deposits of the Tethys basin„ in the interior 

of the higher Himalaya. The Simla region affords instructive 

examples of this contrast; from the Shali peak to the Barogh 

ridge, cliffs and roadside cuttings display every variety of fold 

and fault; inversion and overthrust are conspicuous, the most 

familiar and accessible examples being seen on the Mahasu ridge 

and along the Simla-Mashobra road. On the Barogh ridge the two 

groups are in contact along the Barogh fault and the contrast on 

either side is well marked. On the one side are the contorted 

and metamorphosed slates and siliceous limestones of the Carbona¬ 

ceous system, on the other the disturbed, but unaltered, shales 

and sandstones of the Sirmur scries. The difference in degree of 

disturbance is as striking as the difference in degree of meta- 

morphism. The Tertiary beds havo certainly passed through a 

phase of considerable folding and faulting, but the effects of 

this are as nothing in comparison with the effects of the tectonic 

history of the Carbonaceous system, which appears to have passed 

through not one but many periods of folding equally intense. 

1 I am indebted to my colleague, Mr. G. H. Tipper, for the confirmation 
of my observations in this respect. 
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If the Carbonaceous system be in reality merely a flyaoh facies 

of part or of the whole of the fossiliferous systoms of the Tethys 

basin, it should not show any markedly greater drgree of dis¬ 

turbance or metamorphism than is to be found in the rocks of 

the Sirmur series, since we know that the neighbouring portions 

of the Tethys basin were practically undisturbed from the begin¬ 

ning of the Permian until after the end of the eocene period, while 

the Aryo-Dravidian (Carbo-Permian) disturbance has had no per¬ 

ceptible effect on the physical condition of the post-Purana (Cam¬ 

brian and younger) sediments except in Kashmir, where volcanic 

activity—as represented by the Panjal trap—produced local metamor¬ 

phism, which, however, did not result in the general obliteration 

of all organic remains from the pre-existing fossiliferous sediments. 

The present condition of the Carbonaceous system cannot therefore 

be reasonably ascribed entirely to post-Cambrian regional metamor¬ 

phism. As regards the case for contact-metamorphism, igneous 

rooks, both intrusive and extrusive, are known to occur in various 

places along the Lesser Himalaya; extensive areas on the other 

hand are apparently free from them, but tho rooks are none the 

less metamorphosed. There is in fact no reason to ascribe any 

greater obliterating effect to contact-metamorphism in this zone 

than in the fossiliferous Tibotan zone of Kumaun, Spiti and Kashmir, 

and in spite of the lithological resemblance between Blaini and 

Talchir, the apparently complete absence of all trace of fossils 

from the whole Carbonaceous system compels correlation with the 

lithologically similar members of the Purana group of the Penin¬ 

sula. Just as the one set of rocks extends throughout almost 

the whole length of the Himalaya, so the other extends across 

almost the whole Peninsula and it requires no great stretch of 

the imagination to carry the Vindhyan mass of Central India 

northwards across the Gangetic alluvium into the mountains of 

Nepal and Garhwal. The presence of Gondwanas in the Eastern 

Himalaya on the one side and in Kashmir on the other proves 

that the alluvium now covers part of Gondwanaland, which, having 

reached the eastern and the western, may with propriety be 

expected to have extended also into the central parts of the Hima¬ 

laya. There seems, therefore, to be some justification for regarding 

the Lesser Himalaya as originally part of the 

pJ?of QondwiMiind.ya Gondwana continent from which they subse¬ 

quently became detached by tectonic disturbances. 

F 
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The manner in which this severance occurred and the character 
of the depression underlying the Indo-Gangetic alluvium are matters 
which are now receiving a considerable amount of attention in 
consequence of the geodetic results obtained during recent years by 
the officers of the Survey of India. 

The most recent contribution to this subject is a paper by 
Colonel S. G. Burrard, Surveyor-General of India, “On the Origin 

of the Himalaya Mountains’’1, in which he 
The Indo-Ottfctlc dc- discards previously accepted hypotheses on 

presiloo sod postulated . ‘ J . . .r . J r - 
iqb-crnital crick. the ground of geodetic inadequacy and puts 

forward the interesting and ingenious hypothesis 
that the Indo-Gangetic depression is a great “sub-crustal’* crack or 
rift extending from the surface far down into the crust—twenty 
miles in the only case in which a definite figure is given—and 
filled with alluvium. The chief ground on which Colonel Burrard 
bases this assumption is the rapid decrease in the amount of deflec¬ 
tion of the plumb-lino at three groups of stations at and near the 
foot of the Himalaya, m., Kurseong-Siliguri-Jalpaiguri (25 miles),2 
Birond-Nimkar (112 miles) and Dehra Dun-Kaliana (56 miles). 

For the benefit of those students of Indian geology who have not 
made a detailed study of the goodotic aspects of the Himalayan pro¬ 
blem, it may be advisable to givo a brief outlino of the causes 
leading up to the formulation of this hypothesis. Colonel Burrard 
who, by researches extending over a long period of years, has 
made the subject peculiarly his own, has defined the plumb-line as 

“ a string hanging under the influence of gravity. 
Anomalies la tkc \ cord stretched by a hanging weight is forced 

plumb line. to assume a vertical position by the attraction 
of the earth upon the weight, but if a moun¬ 

tain is situated on one side and a flat plain on the other, the 
plumb-lino docs not coincide with the normal to the spheroidal 
surface of the earth, but is deflected towards the excess of mass. 
If the crust of the earth were homogeneous, and if no mountains 
nor hollows existed at the surface, the plumb-line would everywhere 
coincide with the normal"3. But since the crust is not homo¬ 
geneous and since its surface is uneven, it is frequently found 
that the plumb-line, instead of coinciding with tho normal, is more 

^ 1 Survey of India, Professional Paper No. 12 (1012). 
‘ * Meridional (tisUnco from Kureoong to Jalpaiguri. 

■ Geography and Geology oj the Himalaya and Tibet (1907), p. 51, 
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or leas strongly deflected in one direction or another, usually to¬ 

wards some visible excess of material. To this, however, there 

are exceptions and about the middle of last century it was found 

from observations made by members of the Survey of India that 

at Kaliana, which is only some fifty miles from the foot of 

the Himalaya and whore the northerly deflection duo to thoir 

attraction ought theoretically to be 58", the mountains have 

apparently no effect on the plumb-line, the direction of which 

there practically coincides with the normal. Similar results have 

been obtained at othor stations along the foot of the Himalaya, 

and it has been found that the actual amount of deflection of the 

plumb-line is invariably considerably less than it would be if 

all topographic features exerted the full measure of attraction due 

to their apparent mass. This fact long puzzled geodesists, but it 

was eventually suggested by Archdeacon Pratt that the anomalies 

were duo to “compensation”1 of the mountain masses, the 

attractive effect of the latter being counteracted by deficiency in 

density of the material underlying thorn. This became known as 

th* hypothesis of “mountain compensation.’' 
tion°Dnta,n compensa- ^ observations were extended, however, it 

was found that this hypothesis was appa¬ 

rently indequate to meet all cases; although compensation might 

account for the absence of attraction at Kaliana, it did not seem 

able to explain the rapid decrease in the amount of attraction 

between, say, Dehra Dun and Kaliana; at tho former station the 

northerly deflection of the plumb-line is 31", whereas at Kaliana 

it is only 1". If the Himalaya were uncompensated and if tho 

decreases in deflection were due to the greater distances of Kaliana, 

Nimkar and Jalpaiguri respectively from the mountain foot, these 

figures should be only 28", 30" and 26"; the apparent decrease 

in the attractive effect of the mountains is therefore abnormally 

rapid. A correspondingly rapid rate of decrease was observed along 

other linos such as thos3 already mentioned abovo (p. 142), the 

decrease between Birond and Nimkar being 13" and between 

Kurseong and Jalpaiguri 45". 
These and further researches led to the conclusion that the 

attraction of the Himalaya was being counterbalanced by an attrac- 

1 Phil. Trans., Royal Society vol. 149 (1859), p. 745. The idoa of ooraponwition 
actually originated with Sir George Airy {Phil. Trans., vol. 145 (1855), p. 100) 
aad woa adopted and modified by Piatt 
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tion in the opposite direction and that the cause of the rapid 

_ „ s, IA_ rate of decrease cf the northerly deflection 
The line of Ugh deaslty. M ., . . . , x• t 

was “ that an invisible chain of excessive 

density, parallel with the Himalaya, is underlying the plains of 

Northern India: this buried chain is 150 miles distant from the 

foot of the mountains; at stations like Kaliana the southerly 

attraction of this chain is counteracting the northerly attraction 

of the Himalaya; at Dehra Dun, where the Himalaya are near 

and the buried chain is distant, the effect of the latter is not 

very apparent, but as we move southwards, the attraction of 

the visible mountains to the north decreases, and that of the 

invisible mass to the south increases. Tho suddenness with which 

deflections of the plumb-line decrease as we recede from tho 

Himalaya is due to the presence of a southerly and subterranean 

source of opposite attraction.”1 The presence of this belt of high 

density has been confirmed by the results of the pendulum opera¬ 

tions. 

In the year 1889 the idea of mountain compensation was 

brought prominently forward by Major C. E. Dutton, who embodied 

it in his now well-known hypothesis of isostasy*, which has recently 

Isocfuy been established on a basis of great precision 

by J. F. Hayford, W. Bowie and other members 

of the Coast and Geodetic Survey of the United States*; this 

hypothesis has been enunciated very clearly by Hayford and I 

cannot do better than quote his words:— 

“ If the earth were composed of homogenoous material, its figure of 

equilibrium, under tho influenco of gravity and its own rotation, woukfr bo 

an ellipsoid of revolution. 

The earth is composed of heterogeneous material which varies consider¬ 

ably in density. If this heterogeneous material were so arranged that its 

donsity at any point depended simply upon the depth of that point below 

the surface, or, more accurately, if all the material lying at each equipoten- 

tial surface (rotation considered) was of one density, a state of equilibrium 

would exist and there would be no tendency toward a rearrangement of masses. 

If the heterogeneous material composing the earth were not arranged 

in this manner at the outset, the stresses produced by gravity would tend 

Isostssy. 

1 Geography and Otology of the Himalaya Mountains and Tibet, p. 53. See also 
8. G. Burrard : Survey of India, Prof. Paper No. 5 (1901), p. 107. 

• Bull. Phil. Soc. Washington, voL XI, p. 51. 
• 44 Tho figure of the Earth and Isostasy ” (1909); 44 Supplementary Investigation 

/i 1909 of the Figure of the Earth and Isostasy ” (1910); 44 Tho Effeot of Topogra- 
V*y *nd Isostatio Compensation on the Intensity of Gravity •* (1912), in collabora* 
tion with W. Bowie. U. 8. Coast and Otodeiic Survey. 
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to bring about such an arrangement; but as the material is not a perfect 

fluid, as it possesses considerable viscosity, at least* near the surfaoe, the re¬ 
arrangement will bo imperfect. In the partial rearrangement some stresses 

will still remain, different portions of the same horizontal stratum may have 

somewhat different densities, and the actual surfaoe of the oarth will be a slight 

departure from the ellipsoid of revolution in the sense that above each 

region of doficient donsity there will be a bulgo or bump on the ellipsoid, 

and above oach region of excessive density thoie will be a hollow, relatively 

speaking. The bumps on this sup|>o8od oarth will bo the mountains, the 

plateaus, tho continents ; and the hollows will bo tho ooeans. The oxoess of 

material represented by that portion of tho continent whioh is above sea 

lovcl will be comjwnsatnd for by a defect of donsity in tho underlying mate¬ 

rial. The continents will bo floated, so to speak, becauso they are composed 

of relatively light material; and. similarly, tho floor of tho ocean will, on 

this supposed earth, be deprossod because it is composed of unusually dense 

material. This ]>articular condition of approximate equilibrium has been 

givon the name isostasy. 

Tho adjustment of the material toward this condition, whioh is produoed 

in nature by the stresses duo to gravity, may be called the isostatio adjust¬ 

ment. 

The compensation of tho oxcoss of matter at the surfaoe (continents) by 

the defect of density below*, and of surface defect of matter (oceans) by 

excess of donsity below, may bo called the isostatic compensation. 

Let the depth within which tho isostatic compensation is complete be 

called the depth of compensation. At and below* this depth tho condition 
as to stress of any oloment ot mass is isostatic; that is, any element of mass 

is subjoct to equal pressure from all directions as if it wore a portion of a 
perfect fluid. Above this dopth, on tho other hand, each element of mass 

is subject in general to different pressures in different directions—to stresses 

which fond to distort it and to movo it”1 

Working on this basis Hayford has shown that if it be as¬ 

sumed that all surface features, whether eleva- 

compensatloa; l#0,Ut,c tions or depressions, be compensated by reason 

of defective or excessive donsity of the under¬ 

lying material and that if such isostatic compensation be complete 

at a depth of 113*7 kilometres (subsequently modified to 122 

km =76 miles), tho anomalies between the observed and computed 

values for the deflection of. the vertical, as 

measured by the plumb-line, throughout the 

United States become comparatively insignificant. 

An attempt to apply tho same principles to India has shown 

that the discrepancies, especially in the Himalaya and at sta¬ 

tions on tho Indo-Gangetio alluvium, are much 

greater than those found in America. The 

kn the United States ; 

In India 

1 The Figure of tho Earth and lsostuay (1909), p. SO 
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conditions which contribute to bring about these and other geodetic 

anomalies may, as we'have seen, belong to three classes : 

(a) complete or partial compensation of tho surface features, 

by modifications of density of the subjacent material ex¬ 

tending down to some, at present unspecified, depth; 

(b) the presence of a belt of material of high density crossing 

India on the south of the Indo-Gangetic alluvium ; 

(c) tho presonco of a belt of low density—the Indo-Gangetic 

alluvium—consisting of a trough filled with material having 

a lower specific gravity than that of the average material 

composing the superficial crust of tho earth. 

At stations between the Himalaya and the belt of high density, 

the effect of (a) will be to reduce the attractive force of the Hima¬ 

laya, of (6) to exert a greater amount of attraction than would be 

oxpocted from the surface features, and of (c) to intensify the effect 

of (b) owing to deficient density and consequent failure to exert 

a normal amount of attraction. 

Colonel Burrard’s recent paper on tho origin of the Himalaya 

is designed to show that tho observed geodetic anomalies are due 

to the fact that the belt of low density is not merely, as is 

generally believed, a simple alluvium-filled trough, shallow on the 

south and south-west and slowly but steadily deepening towards 

the mountain foot, but an immense rift, stretching for two thousand 

miles along the foot of, and beneath, tho Himalaya, many miles deep 

and filled with alluvium. 

Before rejecting the hitherto accepted hypothesis in favour of 

that now put forward .by Colonel Burrard, it is desirable to oxamine 

the latter with reference to its bearings on sciences other than geo¬ 

desy. The view generally accepted of the nature of the depression 

in which the Indo-Gangetic alluvium lies is that it is a “ fore- 

docp” between the wave-front of the Himalayan system of folding 

and the horst of Gondwanaland (Suess) 1 

QtageHc troaflu* as now represented for the greater part by 
the Indian Peninsula, and produced by the 

elevation of the mountain range with concomitant sinking, partly 

original and partly due to subsequent overloading, of the submon¬ 

tane tracts (Fisher, Oldham)2. Another possibility is to regard 

1 E. SuftM: The Face of the Forth, vol. IV, pp. 612, 627. 
• Manual of the Vcolcgy of India, 2nd edition (1895), p. 471. 
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the depression as a true trough-fault, similar to the Great Rift 

Valley of Africa1 or to the Grabeneinsenkungen of the Rhine, and 

probably coeval in origin with the break-up of Gondwanaland. 

Tho steep wall of tho Western Ghats and the sudden deepening 

of the Arabian Sea not far from its northern and western shores 

point to the probability that that sea occupies a basin of subsi¬ 

dence ; a similar origin has been ascribed to the basin of tho Red 

Sea *. At tho same time the floor of the Bay of Bengal also 

falls away rapidly from its western shores, and the Indian peninsula 

certainly has the appearance of a fragment left standing while the 

adjacent areas subsided ;a and, like tho waters of the adjacent 

seas, the Indo-Gangetic alluvium may fill a trough produced by 

subsidence during the breaking up of the pre-existing continent. In 

that case a fragment of Gondwanaland, represented by the Gondwanas 

of Kashmir and the Carbonaceous system on the west, and the 

Daling, Baxa and Gondwana beds on the east, would have been cut 

off from the main mass of the Peninsula, thus blocking out what is 

now the Lesser Himalaya and forming the southern shore of tho 

Tethys. 

Whichever of these views we take we are confronted with the 

presence, along the foot of the Himalaya, of a scries of reversed 

faults, parallel to the trend of the mountains and separating the 

older rocks from the younger and from the area now covered by 

the Indo-Gangetic alluvium. These faults are ascribed by Fisher 

and Oldham to movements resulting from isostatic readjustment 

due to transference of material from the Himalaya to the plains at 

their foot. From this point of view, which is that generally adopted, 

the reversed faults become overthrusts.4 Colonel Burrard on the 

other hand regards them as due to underthrust acting towards the 

north and attributable (1) to the opening of a crack or 

1 J. W. Gregory: The Great Rift Valley (1800). 
* Sucm : op. eit.t vol. I, p. 274, vol. IV, p. 277 ; W. F. Hume: The 

Topography and Geology of tho Peninsula of Sinai; Survey Dept., Egypt (1906), 
p. 36. Recently Dr. Ball has stated that this view is erroneous and that the 
Red Soft is in reality a drowned valloy (Tho Geography and Geology of S. E. 
Egypt: Survey Dept., Egypt {1912), p. 356). 

1 E. Sucsfl: id., vol. II, p. C37. 
4 My colleague, Mr. E. H. Pasooc, has drawn my attention to the fact that the form 

of curvature of the mountains all round India Bocros to indicate that their origin is duo 
.to pressure coming from the north or north-east in the case of the Himalayan, and from 

the weftfrin tho case of tho Arakan-Patkoi, area. He points out that this is especially 
_ ii.. 11. n. ,.r il. _._< v,.. ...;«k «k« ■ m* "M r. _i . ■._1.1 __a - -   a_i.‘ ft1 . 
apparent trend of the ranges, and that tho two arcs cited sown to offer clear evidence of 
movement towards tho Peninsula in ouch caso. 
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cracks in “ sub-crustal shells ”, (2) to the contraction of the “ sub¬ 

crust ” on the north of the crack or cracks, with (3) consequent 

wrinkling of the overlying “ upper crust.” 

In considering these suggested phenomena, it is desirable first 

of all to attach a definite meaning to the terms “ upper crust ” 

and “ sub-crust As the rift, in opening 

In t”po»teUted^lt!!taf towards the north, is said to “ have crum¬ 
pled up the thin superficial carpet of sediment 

into the Himalayas”, we may perhaps assume that the thickness of 

the “ upper-crust ” is represented by at least the sediments of the 

Tethys. The thickness of the sedimentary series from Haimanta 

to eocene as measured in the Himalaya is approximately 20,000 

feet or a little less than four miles ; if we add to this a similar 

amount for the older rocks, we arrive at a thickness of eight miles 

for the “ superficial carpet of sediment ” or “ upper-crust.” A safe 

maximum would probably be ten miles. Consequently the “ sub¬ 

crust ” will presumably extend from not more than ten miles below 

the surface to a depth not specified. It is this “ sub-crust ” that 

is assumed to have cracked. It is further postulated that the crack 

or rift, which is regarded as filled with alluvium, extended to the 

surface. This rift is regarded as “sufficiently large to.have disturb¬ 

ed the isostatic equilibrium of the crust over a vast area iu South¬ 

ern Asia ” (oj). cit., p. 14), and must therefore have been of very 

considerable dimensions ; definite figures are not available but from the 

fact that the geodetic anomalies would in one case be satisfied by 

“ a rift in the sub-crust south of Musstioree and 20 miles deep”, 

the rift would therefore have extended presumably through at leaBt 

a vertical depth of ten miles below a sedimentary “ upper-crust ”; 

it would consequently have passed into a zone of metamorphic rocks 

and perhaps even through this into a plutonic zone. 

The suggestion that mountain compensation might be due to 

“ vast cavities under great mountain masses ” appears to have ori¬ 

ginated with Colonel A. R . Clarke (Geodesy (1880), p. 351), who, 

however, rejected it as “too bold a speculation ”. In adopting 

such an hypothesis we should he confronted with many difficulties. 

In the first place it is very doubtful if such cavities could remain 

open. F. D. Adams and L. V. King1 have recently shown experi¬ 

mentally that small cavities existing under the conditions of tem- 

C jrature and pressure likely to prevail at considerable depths would 

* Journal of Ucology, Vol. XX, No. 2 (1912), pp. 97-138. 
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remain open at least for some time; these results, however, relate only 

to very small cavities and cannot be extended to cover tectonic 

phenomena of the type involved in the elevation of the Himalaya. 

It has been shown that small (*05 inch) cylindrical cavities in granite 

are unaffected after a period of 70 hours at a pressure correspond¬ 

ing to a depth of fifteen miles and a temperature corresponding to 

a depth of eleven or that such cavities occurring in granite at a 

depth of 11 miles below the surface would remain open for a period 

exceeding 70 hours. It was further found that at pressures corres¬ 

ponding to a depth of 25 miles such cavities remained open for 

months if the temperature was not raised above that of the surface, 

but under the same conditions broke down at a pressure corres¬ 

ponding to a depth of 35 miles ; to extend the results of these 

experiments made on extremely small cavaities and lasting for only 

2J months to the conditions prevailing in an immense rift exten¬ 

ding to a depth of twenty miles below the surface and to forces 

acting for vast periods would not be justifiable; and when we 

find the crystalline rocks of Kolar at depths of less than a mile 

below the surface undergoing perpetual disruption1 owing to the 

strain to which they are subject the possibility of the persistence 

of large cavities at depths ten and twenty times as great seems 

very remote and until it has been shown that the accepted hypo¬ 

theses are inadequate to explain the geodetic anomalies, it seems 

dangerous to postulate the occurrence of a tectonic phenomenon 

which has no known parallel in the geological history of the earth. 

There would seem to be no reasou why cracks of the kind sugges¬ 

ted could not have occurred as well before as after the beginning of 

the Tertiary period and we might expect to find among the older 

geological formations traces of such rifts filled with detrital ma¬ 

terial. Rifts and cracks no doubt arc not uncommon and are 

represented by the familiar trough-fault and the mineral lode, but 

there is no record of their having taken the form of gaping fis¬ 

sures many miles deep and presumably several miles wide, and 

subsequently infilled with detrital matter. In the present instance 

the infilling must in one placo at least have a thickness of twenty 

miles or over 100,000 feet, a thickness about half as great as the 

% 

1 These disruptions are locally but incorrectly known as “ air-blasts In the year 
1911 a seismograph installod at tho rainea registered over 5,000 of theee disturbances in 
three months and it was subsequently found that thin figure was considerably too low* 
Report of Chief Inspector 0/ Mines, Mysore, for 1911 12 (1913), p. 39.) 
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maximum assigned to the whole geological record1 * * from Cambrian 

to Tertiary both inclusive and far greater than that of the corres¬ 

ponding record in India. Other difficulties arise with regard to 

the lower part—say the lower half—of this postulated deposit; as 

already pointed out this would extend down through a zone of 

metamorphic rocks; it would be subject to temperatures ranging 

from 500°C. to 1,000°C. and to pressures of between 64,100 and 96,000 

lbs. per square inch.* If we accept the conclusions arrived at by 

Messrs. Adams and King that the figures given by Van Hise8 for the 

depth of the zone of flowage are too small, it is nevertheless 

evident from the latter’s work that the alteration of sediments 

under the above conditions of pressure and temperature would be 

considerable and would result, amongst other phenomena, in at least 

partial recrystallisation; the lower layers might be expected to 

approximate in specific gravity to metamorphosed sedimonts rather 

than to alluvium and would not therefore contribute to the required 

reduction of density along the line of the j>08tulatcd rift. 

Other objections, based on general principles as well as arising 

from considerations more particularly connected with local conditions, 

will no doubt occur to most of those who have made any close 

study of the geological and tectonic history of the Himalaya, and 

it would seem inadvisable at present to discard the older theories 

which have been gradually built up by patient observation and pro¬ 

longed study in the field by such men as Medlicott, Oldham and 

Middlemiss—names unrivalled in the field of Himalayan tectonic 

geology—, and confirmed by the deductive work of Suess and Fisher, 

based on dispassionate analysis of recorded phenomena.4 * * * 

Before admitting that the generally accepted hopythesis as to the 

nature of the Indo-Gangetic trough does not adequately explain the 

apparent geodetic anomalies derived from observations of the 

deflection of the vertical and the intensity of gravity at stations 

1 W. J. Sollas : Prcsidcntal Address, Geological Socioty, 1909, p. cxii. 
1 These figures for pressure are taken from 'iable II, (p. Ill) of the paper by F. D. 

Adams already referred to. 
1 Treatise on Metamorphism- 
4 £ince the above was written some correspondence on the subject of Colonel 

Burrard’s hypothesis has been published in Nature (Alay 8th ind May 16th, 1913). In a 
lotter, dated March 20th, (Nature, no. 2271, vol. 01, p. 242), Colonel Burrard refers 
•to the “ swatch of no ground ” at tho head of tho Bay of Bengal, as well as to that near 

• the mouth of the Indus, as surfaco indications of a sub-crustal crack. This extension 
X)f his rift hypothesis seems to add to the difficulties in the way of accepting it, sinco tho 
effect of this particular sub-crustal crack must be quite different to that of the crack 
beneath the alluvium ; the plumb-line, instead of Iwing deflected a*ay from, U strongly 
deflected towards, the “ swatch of no ground ” in the Bay of Bengal. 
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in the Himalaya! [and atjothers on^the alluvium at their foot, the 

question seems to call , for fuller treatment than it has hitherto 

received. In the following notes an attempt has been made to 

deal with one—admittedly but a small—aspect of the case, but 

the results point to the desirability of further application and 

investigation of the great store of observations collected in the 

volumes of the “ Operations of the Great Trignometrical Survey of 

India” and other reports of the same Department. 

In his interesting paper on the origin of the Himalaya, Colonel 

Burrard has pointed out with great lucidity the remarkable differ¬ 

ences not only between the observed deflections of the plumb-line 

and the deflections that would be produced by the orographic 

features—411 topographic ” deflections—in the absence of any compen¬ 

sation, but also between the observed deflections and the figures 

obtained by applying to the computed topographic deflections 

certain corrections based on the assumption—made with such conspi¬ 

cuous success by Hayford in the case of the United States—that 

the topographic inequalities are essentially compensated by means 

of subjacent modifications of density and that such compensation 

is complete at a depth 113-7 kilometres. The data for a large 

number of stations in India were deduced on this hypothesis by 

Major H. L. Crosthwait, R.E., of the Survey of India, who came 

to the conclusion that his results were far less satisfactory for India 

than were those of Hayford for the United States1 but that this 

might be due to the fact that while “ the attainment of (isostatic) 

equilibrium is already far advanced in America, in India it is still 

in an immature state and compensation is by no means so perfect.** 

In support of this view Major Crosthwait very aptly draws attention 

to the fact that the Himalayan stage of mountain-building is of 

comparatively recent date and that equilibrium of the crust in that 

region might therefore be expected to be still somewhat unstable. 

This at once suggests that if the conditions of equilibrium in 

India are different from those in America there is no valid reason 

for the tacit assumption that, in a heteroge- 
Depib of complete neous body like the earth, isostatic compensation 

tnhidia! ******** 00 wiH occur at the same depth everywhere. 

Clearly therefore before assuming that isostatic 

compensation is complete at a depth of 113.7 km. and that some 

1 Investigation of tho theory o! Isoataaj in India; Survey of India, Professional 
Paper no. 13 (1012). 
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special explanation must be sought for the apparent geodetic anomalies 

arising therefrom, it is advisable to enquire how far these anomalies 

will be affected by the assumption of compensation occurring at 

some other depth. In order to do this it is necessary to apply 

suitable corrections to the topographic deflections. Major Crosthwait 

has —with an amount of labour that can be appreciated only 

by those who have actually undertaken similar calculations—deter¬ 

mined for a large number of stations the deflections due to all 

topographic features within a distance of 2,564 miles from each 

Btation, and I have been enabled, by the courtesy of Colonel G P. Lenox 

Conyngham, R.E., Superintendent of the Trigonometrical Survey,—to 

whom I am greatly indebted also for valuable assistance and advice— 

to obtain the detailed figures for certain stations. I have applied to 

these the necessary corrections arising from the assumption of com¬ 

pensation occurring at a number of different depths. The methods 

employed by Hay ford and by Crosthwait have been followed and 

need not be detailed here, since they can be studied in the original 

publications. The depths selected ranged from 55.92 kilometres to 

1,000 km. and included 77-96, 113-7, 120-9, 162 2, 250,300, 329 8, 

350, 600 and 650 kilometres. Some of these figures were chosen on 

account of tho fact that the correction-factors to be. applied to the 

topographic deflections had alroady been determined by Hayford and 

were ready to hand ; where, however, the factors were not already 

available, as for instance in the cases of 250, 300, 350, 600, 650 and 

1,000 km., they were deduced from Hay ford’s curve (Isoslasy and 

the figure of the Earth (1909), plate 15). The annexed table shows 

the results of the application of this principle to all the Himalayan 

stations for which detailed figures were available. The table is 

restricted, to deflections in the meridian, since only in a very few 

cases are topographic figures available in connection with deflec¬ 

tions in the prime vertical. 
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Against each station is shown first (column 2) the observed 

deflection in the meridian; this is represented 

ttOS?" ^y fck® difference between the astronomic 
latitude and the geodetic, A—G, as given by 

Crosthwait in column 6 of his tables (op. cif.t p. 9). The values 

deduced from the Clarkc-Besscl spheroid have been taken since 

that is the form officially adopted by the Survey of India.1 The 

next column shows the topographic deflection as determined by 

Crosthwait by means of the system of rings and compartments (op. 

cit., pp. 1, 2). Column 4 shows the result of applying the correc¬ 

tion for compensation to the topographic deflection on the assump¬ 

tion that complete isostatic compensation occurs at a depth of 

113 7 km.; column 5 shows the discrepancy, or residual (R), between 

the deflection so computed and the actual deflection observed. 

Columns 6 and 7, 8 and 9, 10 and 11, 12 and 13, correspond re¬ 

spectively with columns 4 and 5, and represent the computed de¬ 

flections and their discrepancies according to the varying depths 

at which compensation is assumed to be complete. The sign of 

the deflection is based on the usual convention by which north¬ 

erly deflections are shown as negative and southerly deflections as 

positive. 

If now we analyse the above table we find that if isostatic 

compensation were complete at a depth of 250 kilometres under 

Dehra Dun and Mussooric, the discrepancies between the observed 

and computed deflections respectively at those stations would to 

all intents and purposes vanish; but there would still be discre¬ 

pancies between the observed and calculated values for other 

stations. Each of these, however, might be regarded as having 

a critical depth of compensation at which its local anomaly would 

disappear; thus, if complete isostatic compensation occurred at a 

depth of about ICO km. below Murree, of 300 km. below Lambatach, 

of perhaps 450 below Kurseong and of a little more than 600 

below Birond, the theoretical amount of deflection due to the 

topography would correspond with the observed value at each of 

these stations. If therefore we could obtain observations at a 

large number of stations throughout the Himalaya, it might 

be possible to construct an ideal surface of compensation under¬ 

lying the mountain system. One naturally hesitates to postulate 

1 8. O. Burrard : The Intensity ard Disoction of the Force of Gravity In Indli, 
PM- Traps., Royal Society, vol. 206 A (1906. p. 298). 



155 Part 2.] Hayden : The Himalaya and the Peninsula. 

the real existence of such a complicated surface at depths ranging 

between, say 100 and 350 miles below the surface of the Himalaya, 

and it is more reasonable to assume, as Hayford has done for 

the United States, that there is under the Himalaya a surface of 

compensation, but one which lies at approximately the same depth 

throughout. A further examination of the table shows that the 

most probable depth for this surface is about 329 8 km., the 

average residual being on that assumption only—0"*19.1 

Another feature which is brought out by this table is the ap¬ 

parent difference in the respective conditions at opposite ends of 

the Himalaya; the deflection in fact gradually increases with the 

increase in longitude. It would be idle to speculate on the cause 

of this apparent increase; the number of observations is too small 

to warrant any serious attempt to draw inferences; furthermore, 

the existence of a negative meridional deflection merely indicates 

that the true deflection has a northerly component, but leaves us still 

ignorant of the real direction of that deflection or of its amount; 

and until it has been possible to treit. the deflection in the prime 

vertical as Major Crosthwait has dealt with that in the meridian— 

and that for a large number of stations throughout the Himalaya— 

it would be futile to offer any hypothesis as to the true cause of 

such deflection. Prime vertical figures are available for Dehra 

Dun, however, and, if complete isostatic compensation be assumed 

to occur at a depth of 329*8 km., there remains an unexplained 

residual deflection of only l'*37 to the west. Thus with the as¬ 

sumption of complete isostatic compensation at a depth of 329*8 

km., anomalies in the deflection at Dehra Dun can be made prac¬ 

tically to vanish. 

Turning now from the mountains to the plains skirting their 

foot and applying the same methods, the 

uadcrthc°pia<i^pen8atl0n Tesu^s shown in Table 2 are obtained. Al¬ 
though detailed figures for the topographic 

deflection are available for only a few stations, viz., Siliguri, Jalpai- 

guri, Pathardi, Nimkar, Kaliana, Isanpur and Ranjitgarh, still the 

table shows the striking difference between the conditions pre¬ 

vailing at most of the stations on the plains and at those on the 

1 Thin figure in of courso only a rough approximation’; greater accuracy would no 
doubt result from the omploymont of the more rofinod mothods—including that of least 
squares -adopted by Hayford ; but the data are too few to warrant any attempt to draw 
conclusions as to an oxact dopth of compensation. My objoct is to compare results for 
other depths with those that Crosthwait found for 113-7 km., and it seemed better there¬ 
fore to adhere os closely as possible to tho mothods omployed by him. 
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Himalaya; there are two exceptions, Siliguri and Pathardi; the 

anomaly in the deflection at the former station would vanish if 

complete isostatic compensation were assumed to occur at a depth 

of about 200 km., and at the latter station if compensation oc¬ 

curred at approximately 329*8 km. Both these stations therefore seem 

to belong to the Himalaya rather than to the plains as regards their 

isostatic equilibrium. When the results for the remaining stations 

are examined, they at once bring out the remarkable fact that the 

smaller the assumed depth of compensation the more arc the ano¬ 

malies of deflection reduced, although in the case of all stations 

lying at some considerable distance from the Himalaya, those ano¬ 

malies still remain large. 

Table 2.—Deflections in the meridian at stations on the Indo-Gangelic 

Alluvium. 

Station. 
Ob¬ 

served .a 

Topo- 

e 
tk>n. 

Assumed depth ok compensation. 

Drllcc- 
tion. 55-92km. 113-7 km. 329 8 km. 

1 — 

0. T. 8. 
No. Name. A—0 D * R 0. R * . R 

1 0 0 0 0 0 0 o 

224 HllJgurl . —18 —84 —534 -12-48 —11 — 7 — 27-20 + 9 20 

166 Jalpalguri — 1 —77 —3-01 + 2*01 — 8 + * -21-93 +20 93 

Pathardi . —14 -«4 —1-05 —12-95 — 3 —11 —12-15 — 1-86 

72 Kimkar . + 5 -44 -0-26 + 6 28 — 1 + 8 — 4 71 + 9-71 

41 Kallana . — 1 —58 —0 97 — 0 03 — 3 + 2 -11-23 + 10-23 

38 Isanpur . + 3 —36 -0-41 + 3-41 i -1 
+ 4 — 3 20 + 6 20 

213 BanJItgarh + 2 —44 j -1-74 + 3-74 
i -B 

+ 7 -971 4 11-71 

143 Chandurla. + 9 —63 —0 54 + 9 54 . -2 -ill — 9-19 + 18-19 

Nora + 11 —44 —Oil + 11-11 -0-43 + 11-43 — 2-90 + 13-90 

124 Amrltaar . + 11 —45 -0-42 +11-42 -1-48 4 12-48 — 8 48 +17-48 

Avkraok . +1*7 l * * • • + Ml • • + 4-39 • • + 11-76 

, In his valuable paper already referred to, Colonel Burrard has 

discussed the rate of decrease of the northerly 

Decrease la deftoctloM deflection along certain lines connecting sta- 
at the loot of the Htaa- , • ^,TJ. , ... ., * « 

tions on the Himalaya with others on the lays. 
Indo-Gangetic alluvium, and finds that the 
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observed rate is higher than it should be, even if all topographic 

features were uncompensated—that is to say, on the hypothesis of 

complete rigidity—and a great deal higher than it would be if 

complete isoetatic compensation occurred at a depth of 113*7 km. 

Table 3 shows the deflections along certain lines including some 

of those selected by Colonel Burrard. I have not, however, res¬ 

tricted myself to a depth of 113*7 km., but give figures also for 

329*8 km. The result is instructive in that it indicates a possibility, 

not, I think, hitherto considered, that the depth of compensation 

under the Himalaya may be different from that under the rest of India, 

for it will be noticed that if these depths be assumed to be 329*8 

km. and 113*7 km. respectively, the calculated difference of deflec¬ 

tion is in four cases out of five almost exactly the same as the observed 

difference. It will be seen subsequently that it is impossible to 

find any single figure for the depthJof complete compensation that will 

satisfy the geodetic requirements^' throughout the Indian Empire, 

and that one depth may prevail funder the Himalaya on the one 

side and another under the Plains and the Peninsula on the other. 

Table 3.—Differences of deflection between stations in the Himalaya and 

others on the Indo-Gangelic Alluvium. 

Depth of compensation (kilninotrra). Computed deflection. Difference. 
Obmrvtd 

J>iffrrenre. 

Mossoorle. KalUna. MM 
0 # 0 

329-8 . 
113-7. 
329-8 . 
113-7. 

-33-73 
— 17-4 
-33-73 

• • 

- 11 -23 
- 3 

• • 
- 3 

- 22-96 
-14-4 

] -30-73 ■ 
Kurncong. Sillgari. 

329-8 . 
113*7 ...... 
829-8 . 
113-7. 

-40-94 
-22-7 
-40-94 

-27-20 
-11 

• • 
-11 

— 13*74 
— 11-7 

} —29*94 -2S 

Blroad. Niakar. 

329-8 . 
113-7 . *. 
329-8 . 
113-7. 

-27-95 
-14-3 
-27-95 

• • 

*- 4-71 
- 1 

• • 
- 1 

-23 24 
— 13*3 

]-26-95 -43 
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Table 3.—Differences of deflect inn between stat ions in the Himalaya and 

others on the Indo-Gangcfic Alluvium—confcd. 

Depth of compensation (kilometre***). Observed 
Difference. 

329-8 
113-7 
329*8 
113-7 

320-8 
113 7 
3298 
113-7 

Blrofld. ! Patbardl. 

* 0 

-27*95 1 —12-15 — Ifi'MO 
-14-3 - 3 

l m m p 
-11 3 

-27*95 
• • J - 3 ) 

- 24-95 

M CTree. i lUnJIlgnrh. 
• - 9 71 - M-35 

-III • - 5 - 5 
- IH-OU 

• • 
•: ( 

. - *» > - 13*06 

-24 

-14 

With regard to the stations in the latter region, no attempt 

has been made to arrange them into special 

IotoTgeodietlc°iregion§."**** groups other than the broad divisions adopted 
by Major Crosthwait. Tn an exhaustive en¬ 

quiry into tlic exact conditions of isostatic equilibrium prevailing 

in india, it is doubtful if there is any justification for collecting 

stations into groups until each individual station has been examined 

with regard to its deflections both in the meridian and the prime 

vertical, and to the extent to which local geological conditions may 

be capable of throwing any light on apparent, anomalies. Wc have 

not yet accumulated sullicicnt data for such an enquiry and Major 

Crosthwait’s grouping has been retained, being convenient in that 

it brings together stations having observed meridional deflections 

of similar sign; thus of the thirty-seven comprised iu his regions 

3, 4 and 5, only one shows a northerly deflection ; nil the others 

show southerly deflections of various degrees of intensity and, so 

far as the meridional component is concerned, might not unreason¬ 

ably be grouped all together into a single region lying between the 

Himalaya and the tropic of Cancer, and practically constituting 

a belt bounded by the Peninsula on the south and the Himalaya on 

the north. This 1 refer to as the Central Region (PI. 4). Various 

depths of compensation were assumed and the necessary corrections 

applied to the detailed figures for the topographic deflection at. 

more than half the stations included in Major Crosthwait's regions 

3, 4 and 5. In almost every case it was found that, the greater 
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the assumed depth of compensation the greater was the discrepancy 

between the observed and calculated deflections. It would be 

tedious to quote the long and detailed calculations involved and 

it will be sufficient to say that the unexplained positive residual 

always remains large, but the smallest, though still considerable, 

value for the mean of all the 37 residuals in this belt is obtained when 

the depth of compensaton is taken as =0, that is to say, when complete 

compensation is assumed to occur at the surface. 

The Peninsular stations have been grouped by Major Croethwait 

into three regions, his Nos. 7, 8 and 9, or Western India, Eastern 

India and Southern India respectively. Although this grouping 

again is not altogether satisfactory from a geological point of view, 

especially as regards stations near the common borders of the 

regions, it will serve the present purpose sufficiently well to be 

retained. Here again to some extent we find grouping into deflec¬ 

tions of similar sign. Of the 23 stations in region No. 7 (Western 

India), all except three show a northerly meridional component of 

the deflection: at every station in region No. 8 (Eastern India) 

the meridional component is also northerly, whereas in region No. 9, 

the extreme southern part of the Peninsula, it is irregular in direction. 

A certain number of stations was chosen from each of these regions 

and the effects of different depths of compensation calculated. 

The results are summarised in Tables 4-0, which show the res¬ 

pective residuals, R=(A — G) —Dr, or anomalies between the deflection 

as actually observed and as calculated on the assumption of 

complete isostatic compensation at the various depths. 

Table 4.—Anomalies of the meridional deflect ions in Jiet/nm No. 7: 

Western India. 

iK-plh of conijM'nxntion in kilometres. 

0 113-7 320-8 | 1100 1,000 

Colub* • • • 

& 

—!l —1) 

m 

-7-75 

* 

-5IH> 

m 

-2-41 
Damar^ida a • • -1 - 1 -0-71 4-0-71 4 2-51 
Humana . • • # 0 0 4-0*08 4-104 4 4-47 
Pod da pad • • • -II -IS -510 — 4-HO -1*03 
Pialmudi . • • • -r, -r> —4*73 -2 34 -0*30 
Nitali • • • -3 -3 -2-70 — 1 *03 4-0*80 
Mnvinhundn # • • 1 1 -1 4 O-oo 4 1-87 4*4*70 
Tldkri • • • M -14 4 4-10 4-5 33 -4-4-7*4 

Avkkaok • ’ KM BM -2-0/ Hal 4-I SO 

o 2 
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Table 5.—Anottialies of the meridional deflections in Region No. 8 : Eastern 

India. 

Depth of cojnpi-ns.ation in kilomotroa. 

0 
i 

113-7 102-2 329-8 000 

Waltnir . • • • 

m 

-8 

m 

-2 

m 

4 0-30 
0 

4-0*70 

1 

4-11-09 
Outtroik . • • • — 7 -4 -2 71 4-1-20 + 5-89 
PnlliKiili . • • • 0 4 1 I 1-17 4 2-fil 4- 4-79 
Nmlamari • • • -7 -ll -5-2* - 8-nn - 0-78 
Danitippa. • • • -3 -2 -1-82 4-0-70 4 3-87 
Vanakomia • • • -0 -r. -4-20 -2-91 

• m m • • • 

- 0-4U 

Avkilwjk • 1 -« -.7 1 -210 H 0-45 
1" . 
, + 4-i7 

Table 6.—Anomalies of the meridional deflections in Region No. 9 : 

Southern India. 

Depth of coinpirotation in kilontclroH. 

0 113-7 329-8 000 

0 0 0 0 

Kulipami . • • • • | +3 47 4-10-89 4 14-78 
• • • — 3 -4 - 3-45 - 1-22 

8t. rl hoiunH* ML • • • ! 1 4 5 1 o 4- 7-70 10-25 
Vctthmi'.ui • • • O hi 1 3-112 4- 0 75 
Hiuiuavalli • • • • -2 -1 -\ o-or* 4- 2-00 
Kornnmr . • • • • -ft -7 - 5-13 - 3-11 
Bmmiin*A!i(lrn . • • • • 1 9 + 4 4 8-84 4- 8-31 
Guilnli • • • • 0 0 | Mil 4- 4 59 

Avrkaok • 10-13 4 0-75 \ .roc 4 5 *3 

The tables indicate somewhat remarkable conditions : namely, 

complete isostatic compensation at a depth of 

under ^ he° Pen in»u la*.8 * * °n about 600 kilometres in Western India, at 
about 329*8 km. in Eastern India and at the 

surface in Southern India. The prevalence of such conditions in 

the stable Peninsula is certainly rather improbable. If, however, 
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the results of the three regions be combined wo find that the mean 

residuals are, on the assumption of depths of compensation of 

0, 113*7, 329*8 and GOO kilometres respectively, — 2**23,•- T-5, -| 0* 51 

and + 2**91. If therefore complete compensation were to occur at 

329-8 krn. under the Peninsula, the mean discrepancy between the 

observed and computed deflections in the meridian would be only 

+ 0*-51. On the other hand individual discrepancies would be con¬ 

siderable and if we include the central belt -Crosthwait s regions 3, 

4 and 5—with the Peninsula, the mean deflection for the combined 

areas rises to over If, lastly, we assume that complete compen¬ 

sation takes place at the surface throughout the whole area to the 

south of the Himalaya, the moan residual of the meridional deflec¬ 

tions at all the stations included in the tables given by Major 

Crosthwait on pages 10 to 13 of his paj>er, that is to say in regions 

3 to 9, amounts to only -f 0**54. This is no doubt an improbable 

solution so far as the Indo-(Jangetic alluvium is concerned, but it 

points to the possibility, already suggested by the figures included 

in Table 3, that the conditions of isostatic equilibrium may be 

mutually different in the Himalayan and extra-Ilimalayan regions 

respectively. 

Since the rejection by the scientific world generally of tho 

theories of the “ catastrophists,” it has become a recognised axiom 

that the great geophysical processes are slow and gradual. There 

is no reason to regard the process of isostatic adjustment as an 

exception to the general rule, and it would be surprising if the 

conditions of equilibrium under one of the oldest continental areas 

in the world should prove to be identical with those prevailing 

beneath one of the most recently elevated. 

This is only put forward as a suggestion, for I fully recognise 

that the calculations from which it is deduced 

investigation ^ furthcr 310 too incomplete to justify the formulation 
of any definite hypothesis. They were under¬ 

taken merely with a view to ascertaining how far a postulated 

sub-crustal crack could be said to be the only, or the most pro¬ 

bable, phenomenon that would satisfy the geodetic requirements, 

and, incomplete os they are, they seem to show that the problem 

of isostatic compensation is a much more complicated one in the case 

of India than in that of the United States and that it calls for 

more extensive investigation, on the lines followed by Hayford, 

before it can be Bafely used as the basis of a new hypothesis. It 
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seems specially desirable to extend the investigation to as many 
stations as possible and to include in all cases the deflections in the 
prime vertical as well as those in the meridian, and to consider the 
effects of under- and over-compensation not only in the Himalaya 
but also on the Indo-Gangetic alluvium. Materials for such further 
investigations are to be found in the valuable observations already 
published by the Survey of India ; to deal with them all as Major 
Orosthwait has dealt with the meridional deflections in his recent 
paper will be a long and tedious undertaking, and is not likely to 
be complete for many years. In the meantime I have made an 
attempt to sliow that the hitherto accepted view as to the nature 
of the depression in which the Indo-Gangetic alluvium lies, while 
being satisfactory from the geological point of view, has not been 
clearly proved to be untenable from the geodetic. T have dealt 
with only a small serh* of observations, lint, they were all for which 
sufficient topographic details were available; time unfortunately 
w’ould not permit me to attempt to emulate the arduous calcula¬ 
tions carried out by Major Grosthwait, and these notes, which are 
admittedly rough and have been put together in such odd mo¬ 
ments as could be found between intervals of more pressing work, 
are merely the outcome of an attempt to extend the application of 
already available data for most of which 1 am indebted to the 
courtesy of the Superintendent of the Trigonometrical Survey. They do 
not pretend to embody an accurate investigation of the phenomena 
of isostatic compensation in India, but are published partly with 

a view to drawing attention to certain aspects of the problem which 
do not seem to have received adequate treatment, and partly 
lest silence on the part of geologists in India should be construed 
into an admission of the alleged inadequacy of the generally ac¬ 
cepted hypothesis as to the origin of the Himalaya and the nature 
of the Indo-Gangetic depression. It is freely admitted—especially 
in view of the large anomalies at individual stations—that results 
based on geodetic data derived from observations made at only 
six Himalayan stations do not justify the assumption of complete 
isostatic compensation throughout the range at an approximate 
depth of 329’8 km., but there is no greater justification for 
rejecting the hypothesis of the existence of comparatively 
normal conditions merely because the assumption of isostatic com¬ 

pensation at a depth of 113*7 km., does not satisfy the require¬ 

ments of the case. I have in fact endeavoured to show that all 
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possibilities have not yet been exhausted of reconciling the observed 
geodetic anomalies with prevailing hypotheses and that it would be 

premature to adopt a theory for which there is no geological evi¬ 
dence until all existing theories have failed; for, as Colonel Bur- 
rard has justly observed, “ an imaginary subterranean cause is not 
a safe explanation of theoretical anomalies, unless it be accom¬ 

panied by direct proof from the ground.’*1 It is on the ground 
itself that we must seek the cause of the anomalies and this can 
be done only by careful analysis of all the geodetic results con¬ 

currently with a detailed examination of the geological conditions 
at each station. 

Such an investigation would entail also the re-calculation of 
some of Major Orosthwait's figures for topographic deflection, for 

it would be necessary to give due weight to the lower specific 
gravity of the alluvium which covers such a large part of the 

central belt. Major Oosthwait has followed Hayford in adopting 
2-67 as the average density of the crust, but at stations on, or 

near the edge of, the alluvium the error involved in calculating 
the topographical corrections for the smaller rings, between say 
Nos. 23 (1 mile) and 10 (100 miles), on the assumption that the 
density of the alluvium is as high as 2 07, is likely to be appreciable. 

In connection with Colonel Lenox Conyngham s investigation of 
the intensity of gravity at Kcw and Green- 

Tbc Intensity of gravity, wich,2 Dr. Aubrey Strahan made a detailed 
calculation of the specific gravities of the 

materials underlying those places and it was found that the 
average density of the 1,140 feet-of iHjst-Paheozoic rock under Kew 
was 2-OG; this comprised almost entirely beds of Cretaceous and 

Tertiary age, which may bo safely assumed to be more compact 
than the Indo-Gangetic alluvium, and it would be reasonable to 

take 2 as a maximum for the specific gravity of at least the upper 
part of the alluvium; the figure will probably rise in the deeper 
layers, but it can hardly exceed the density of Siwalik sandstone, 

and 2-2 seems a reasonable figure to adopt for the average specific 
gravity of the alluvium. The Indo-Gangetic area would therefore 
have the effect of a depression filled with material the ratio of the 

density of which to that of the average crust would be or 0 83. 

If the depth of the alluvium is great, the effect on the topographic 

1 Sumy 0/ Ivlin, Profttmivtuil Puj^.r No. 5 (1901), p. 24. 
% Survey of India, Prof regional Paper No. 10 (1908). 
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deflections might be considerable. I have not attempted to 
estimate the effects on the computed deflections, as we have 

not sufficient data for the determination of the depth of the allu¬ 
vium. In this connection, however, the subjoined figures for depth 
have been calculated from the values for the intensity of gravity 
as determined at various places on the alluvium by Colonel G. P. 

Lenox Conyngham1; no correction has been made for isostasy, the 
simple Bouguer values for excess or deficiency of gravity (g*0—y0) 

being employed. My figures arc probably too high, therefore, but 

arc not devoid of interest and I give* them for what they are 
worth. 

Colonel Lenox Conyngham’s results arc based on the equation 

2h 3 li' 8 3 h'8-0 
Po=y0~7o r+ 2 It A 

-y*- - - --+ O. 
'° 2 R A 

where 

g0=the theoretical value of the intensity of gravity at any given 
station; 

yo= its value at sea level in the same latitudc=978 (1+0-005310 

sin20), <f> being the latitude of the station; 
h= height of station above sea level; 
R=mean radius of the earth=21 feet XlOG; 
A=mcan density of the earth =5-6; 
8—mean density of the crust=2-8; 

0=actual density of superficial rocks at station; 
h'=thicknes8 of layer having density of 6: 

0=an orographical correction. 

In employing this equation at stations in India, Colonel Lenox 

Conyngham applied all the above corrections 
Deficiency of gravity excCpt the third ’, this amounts to the assump- 

cleocies of density. tion that tne surface density is uniform. In 
most cases the assumption is probably justified, 

but at Btations on the alluvium allowance should be made for the 

3 hr § 0 
deficiency of density and the correction y —.-^ is probably 

2 K A 

important. In order to apply it, it would be necessary to know 
the depth of the alluvium. This of course we do not know, but 

if we asume that the discrepancies betwoen the calculated and 
the observed values for the intensity of gravity at stations on the 

1 Purvey oj India, ProfeMional Paper No. 10 (1908). 
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alluvium are due to defective density, we can find the thickness 
of material of low density that would be required to give rise to 

the observed discrepancy. For instance, Colonel Lenox Conyngham 
found the difference between the observed and theoretical values 
at Jalpaiguri to be —0*096 cm.; that is to say, the observed value 
was 0*096 dynes less than it ought to be on the assumption that 

the surface density at Jalpaiguri is 2*8. There is probably a very 
considerable thickness of light material, composed of gravels, sands 

and some clays, underlying that station and having an average den¬ 
sity of not more than 2*2; the effect of this would be to reduce the 

intensity of gravity and, if we assume that the whole deficiency of gra¬ 
vity is due to the lightness of the underlying material, then the equation 

0 096 
Jt h' 8-6 

y°' 2 K'* ' ~A 

(979,°36> I ra-2 ^2'2 
will give the value of 1/ or the thickness of light material required to 
produce the necessary discrepancy.1 The thickness thus calcu¬ 

lated for the alluvium under Jalpaiguri would be a little under 13,000 

feet. 
Similar calculations have been made for various other places 

Depths of ■llovlom an- on ^e a^uvium and at the foot of the 
corrected for ItosUtic Himalaya, and give figures ranging from 3,600 
comptoialloo. feet to uearjy 20 (X)0 feet. e g 

Siliguri (2G°42/ : 88°27/) . • • 
Feet. 
18,300 

Debra Dun (30°19' : 78° O') • • 10,800 

Roorkco (2U°52/ : 77"54/) . • • 14,300 

Nojli (29°63' : 77*40') . • • 12,700 

Kaliana (29°31' : 77°39') . • • 7,600 

Kesarbari (20° 8' : 88°33') . • 9 0,100 

Meerut (29' O' : 77°42') . • • 3,600 

As already pointed out, the figures on which these calculations are 

based are the Bouguer values and have not been corrected for 

iBostasy. Major H. McC. Cowie, R.E., of the Survey of India, who has 
recently done much valuable work in connection with the deter¬ 
mination of the anomalies of gravity at a number of stations in 

1 Without correction for isostasy the figures can only bo approximate | it has boon 
considered advisable to take the oxtrome caao in which it is assumed that the whole 
diacrepancy is duo to deficient density. I his naturally makes the depths arrived at 
maxima. 
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various parts of India1 *, hos,r however, ' applied partial 1 corrections 
for isostasy, on the assumption of complete compensation at a 

depth of 113-7 km., to the values of g*0—yoas 
PaMiaUy corrected determined for certain stations on the Indo- 

(iungetic alluvium.- 

In consequence of these corrections the values for g*Q —yG at 
Roorkee, Nojli, Kali ana and Meerut have been reduced by amounts 
varying from 30 to 60 per cent., and the corrected values have 
become —0-070, —0 059, —0-028 and —0-008 dyne respectively. If we 

adopt Hay ford's figure of -0030 dyne as approximately equivalent 
to an excess or deficiency of 100 feet of underlying material3 4, 
the anomalies at the above four stations would correspond to 
the following approximate deficiencies of material of density 2*67*:- - 

Fort. 

Jtoorkco ......... 2,333 

Nojli. • l,BS7 

Kaliana #33 

Moo rut- 287 

If these deficiencies be regarded as due to the presence below each 
station of material having a density of only 2-2, the approximate 
thicknesses of such material required to produce the apparent 

discrepancies would be, at:— 
Fool. 

Uoorkoo 
Nojli 

Kaliana 

Meerut 

13.300 

11/200 

5.300 

1.500 

Although these figures arc only approximate, their percentage of 

error is small and there is no doubt that the exact depths, de¬ 
duced on the same lines, would still be strictly of the same order 
of magnitude. Their close correspondence with the figures obtained 

independently from the Bouguer values is striking. 

1 Extract* from Narrative Report* of Officer* of the Survey of India, 1907-08 (1910), 

1908-09 (1911). 
* 8. G. Burrard: Origin of the. Himalaya Mountains, p. 25. 
* J. F. Hay ford ami W. Bowie : The Effect of Topography and Jsost/ilic Compensa¬ 

tion on the Intensity of Gravity (1912), p. 111. ...... 
4 I have aaauraod that Major Cowio ho* employed Hayford a figure for the density ; 

if howovor, ho used 2-8—the figuro usually employed in India in connection with the 
Bouguer values,—tho effect will be to reduce tho depth given for tho alluvium in each 

oft Be by about one-fifth. 
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The above results indicate that the floor beneath the alluvium 

Mttarc of l.do-0.ntc- ha8 a stead>'- but <luite Pentle- B>°Pe—• Wttlo 
tic trottfh deduced from over 2°—towards the mountain foot. Even 
stove fl|>res. under Dehra Dun there is no sign of any great 

deepening, although the figure for depth given on page 165 is perhaps 
too low, since the thickness of the post-Siwalik deposits may not 
be very great; at tho same time, the beds below the Dehra gravels 
are largely composed of Siwalik conglomerates and soft sands, all 
of low specific gravity, and it is quite possible that wherever the. 
apparent depth is great the lower layers may include Siwaliks. 
Even if we assume that all the above figures include nothing but 
alluvium, the effect will merely be to bring their order of magnitude 
into accord with that of the known thickness of the Siwalik depo¬ 
sits, a not unreasonable figure for accumulations that have been 
forming continuously since the beginning of the Pleistocene period. 

Thus the geodetic evidence seems to confirm tho generally ac¬ 
cepted view that the Indo-dangetic depression is a broad basin, 
shallow on the outer side and sloping gently inwards toward the 
Himalaya, from which it is separated by a steep wall resulting from 
the series of reversed faults which separate the older geological 

systems from the younger. 

EXPLANATION OF PLATES. 

Pi.ate 3,—Fig. I. Photograph «»f a model projMirod l»y Major M. 0*0. 
Tandy. R.K.. of the Kuniaiin and flarliwal Himalaya. Tho 
vertical scale is 8j times a* giro! as tho horizontal. 

Fig. 2. View south-eastwards over the ridges of the l/wsor Himalaya 
from tlm Ooneral Post Office. Simla. Only tho upper 
slopes are seen, the deep valley-hut Innis l>cing hidden from view. 

Plate 4.— Index map showing the regions and plumb-linn stations referred 

to in Tables I to t'». 
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Note on a twinned crystal of Hambekgite from 

Kashmir. By R. C. Burton, B.Sc., F.G.S., Geolo¬ 

gical Survey of India• (With Plate 5.) 

rpHE crystals forming tin; subject <»f this note were obtained 

from a collection of lnincrulrt brought from the Kashmir sapphire 

mines by Mr. C*. M. 1\ Wright. Those minerals were obtained from 

the pits in the granite debris containing the sapphires, and sorno 

of them have been recorded from the intrusive granite pegmatite 

of the valley in which the sapphires are found.1 They include 

cookoitc, prehnitc, green and brown tourmaline, beryl, euclase (not 

yet definitely determined), and aniblygonite besides many interesting 

twinned crystals of quartz.2 Humbcrgite has previously been 

recorded by Brogger3 from a j>cgmatite of alkali syenite in the 

Langcsund Ffiord, South Norway, and by Lacroix 4 from two localities 

in Madagascar, at one of which the mineral was obtained from a 

pegmatite containing triphane (spodumonc), beryl and rubcllitc. 

Although the crystals of hambergite from Kashmir were not found in 

situ, it is highly probable, from IjA Touche’s description of the 

valley, that they are derived from the neighbouring pegmatites, and 

are thus similar in manner of occurrence to the crystals of hambergite 

from Nor vay and Madagascar. My investigation proves the Kashmir 

mineral to have the same properties as those previously recorded 

by Brogger and Lacroix. The determinations are as follows :— 

Hardness =7-5, refractive index in sodium light, measured 

by the method of Schroeder van dcr Kolk = l -57. 

Specific gravity=2*36. 

Composition. Found by anulyHiM. Calculatod. 

Hi o • • • 10-21 0*0 
BoO • • • 51.-40 63*3 
B*Oa . 9 • • . (37*39) 371 

100*00 100*0 

1 T. D. La Toucho: Rec. Q. S. vol. 23, p. 6ft. 
* F. R. Mallet: Rec. 0. S. /., vol. 32. p. 228. 
» W. a Brogger: ZeiUchr. f. Kryst., vol. 16, p. G5 (1890). 
4 F. Lacroix: Rvll. Soc. Min. France, voL 32, p. 320, aod voL 33, p. 49. 
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For analysis the mineral was finely powdered and dissolved 

in hydrofluoric acid on the water bath; the residue was dissolved 
in water and beryllium hydroxide was precipitated with ammonia. 

After ignition the precipitate was weighed and fused with so¬ 
dium carbonate according to the method of Wunder and Wenger1 

for the separation of aluminium and beryllium; by this means 
aluminium was proved to be absent. The water was calculated 
as loss on ignition, but the boric acid was not determined owing 

to lack of material. 

Crystallography.—The angles of the crystal were measured by 
means of a Fuess telescope goniometer, but this method was not 
altogether satisfactory because the pyramid faces are curved and 

imperfectly developed and the faces in the brachypinacoid zone are 
striated and give duplicate images. Subsequently the crystal was re1 

measured with a Fuess contact goniometer to check the results and 

the calculations are based on tlu* first series of measurements. 

The following forms arc present (sec Plate 5 and Fig. 1). a 

(100), b (010), c (001), m (110), j) (221), x (?121) and y (? 321). 

(010)/v(00l) • • • 

MruMUiVtl. 

!K)°10'; HOW 

Calculated. 

90u 

(OIO)^(110) • • • t r.rn' 5i°2:r 

(010)/s(olu) . • • • • JHOW 180° 

(IIUVMOH*) • • • I02W l()2°40/ 

(IIO)/\(22l) • • • 2I.20' 23°14' 

(<)OI)/M22h • • • ii.ru>' Ml"4G' 

(221)/M22I) • • • 7.VI7' GOW 

A close examination of the crystal reveals, in addition to the 

above faces, two pyramids x and y and a small brachypinacoid face, 
which is feebly developed. The x and y faces can only be re¬ 

cognised by the fact that they reflect, the light feebly on rotation 
of the crystal, their development is so elementary that they 
should merely bo represented by a line in the figure; it is im¬ 

possible to measure their angles accurately; one measurement 

gave the angle between (221) and x as 12°; x is thus the 

pyramid (121) and y may possibly be (321). The macropinacoid 

1 Ztil<chr, /ur. Analyt. Chem, 1912, p. 470. 
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is very feebly developed as a curved striated face on the extreme 

left of Plate 5. The re-entrant angle between the cleavages 

y 
Fig 1 

on the left-hand side of Plate 5 is seen from the above table 
of angles to be double the angle between (010) and (110), and 
proves that the crystal is twinned on the prism (110). The length 

of the crystal is 1*5 cm. In three cases the agreement between 
the angles measured and calculated is not good, but is as exact 

as could be expected considering that the pyramid faces are 
curved and imperfectly developed. If the basal pinacoid is closely 
examined, it is found to be striated in five different directions 
as shown in fig. 2. The line lq is parallel to the plane (110) and is 

thus the trace of the twin plane on (001). The other well develop¬ 
ed stria? are at an angle of approximately 39° to the line tq 

and thus represent the traces of the orthopinacoidal cleavage 

on (001); they are seen to be perpendicular to a more feebly 
developed set of stria? representing the brachypinacoidal cleavage. 

The twin can be explained ns due to a rotation of half the crystal 

through 180° on the. plane (110); it follows that figure 2 represents 

the faces (001) and (001) in continuation with ouc another; ham- 
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bergifce is therefore holohedral. All the faces of the crystal are 
striated to a greater or less extent, the brachypinacoid and the 

unit prism are striated vertically, the latter very strongly and the 
former feebly; the striations on the pyramid faces are parallel to 
the edge between (221) and (221 ). The vertical striations on 

the brachypinacoid are stated by Lacroix to be etching figures 
(figures dc corrosion) ; Sokolow 1 on the other hand inclines to the 
belief that they are due to negative crystals, “ negative urspriingliche 

Einschliisse, die gelost wurden For the purposes of examination the 
crystal was immersed in water and regarded in transmitted light; it was 
found to extinguish as nearly as possible parallel to the longitudinal 

striee on the brachypinacoid, these longitudinal stria? are distinctly shown, 
but I failed to observe any pyramidal terminations as detected by 
Lacroix on the macropinacoid, in fact the stria? seem to be non- 
terininated. In some cases the striae on the prism are etched to a 

considerable depth in the crystal face and end abruptly against a 
short transverse irregular pit parallel to the basal pinacoid; ou 
the other side of this transverse pit they are continued on a 
different alignment. It is also noticeable that, where the stria? 

are poorly developed, their place is taken by a series of small 
etching figures, whose longer axes arc placed vertically. The 
same phenomena were observed on a crystal of hambergitc from 

Madagascar; it is thus probable that these stria? are etching 
figures as originally suggested by Lacroix. 

From a study of the hambergite from Kashmir we thus record 
the following facts :— 

Striations can be observed on the faces (100), (010), (001), 
(110) and (221), and the crystal is twinned on the prism 
(110). The unit prism is much larger and better de¬ 
veloped than the pinacoids, although it is uneven, having a 
stepped or wavy, instead of a straight outline. The 

pinacoidal cleavages are well shown and the surface of 
the brachypinacoidal cleavage has a brilliant lustre. The 
following new faces have been observed:— 

(221), (121), (321 (?)). From a consideration of the nature 
of the twinning hambergite is proved to be holohedral, 

1 11 Cbor oigt’nlunilioho Kignivn aut Spiltflflohon von Hambcrgit. Ann. th VIn- 

1Hut des Mines, St. Pcfo'rHboiirg, vol. 2, pt. 5 (11UU), p. 304. 
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the faces (001) and (001) being continuous In the same 

plane. 

In conclusion I must express my best thanks to my colleagues 

Messrs. Christie and Fox for their aid during the course of the 

investigation. 
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INTRODUCTION. 

THE greater part of the country to be described in this paper 
lies in the valley of the Taping, a tributary of the Irra¬ 

waddy which enters that river immediately to the north of Bhamo 
in Upper Burma. A small proportion of the area is in Burma, 
but the majority lies across the frontier in the Chinese Province of 

Yunnan, where it forms part of the Tt*ng-yiieh district in the 
prefecture of Yung-ch’ang Pit, and of the semi-independent Chinese 
Shan States of Kan-ngai (Mong-na), Nan-tien (Mdng-ti), Ho-hsa, La-hsa 
(M6ng-hsa) and Mting-wan. 

The two towns Bhamo (Lat. 24° 15': Long. 97° 16') and T$ng- 
yiieh (Lat. 25° 2' : Long. 98° 33') lie on the route which has served 

as the main artery of trade between Burma and Western China 
for centuries. 

Leaving Bhamo which is situated on the flat plain of the Irra¬ 
waddy alluvium at a height of 360 feet above the sea, the road 
proceeds in a north-easterly direction and soon enters the hills 
through which the Taping has cut its narrow and gorge-like valley. 
Owing to the dense vegetation and the great depth to which decom¬ 
position has taken place very few rock exposures are visible in 
these ranges, but sufficient evidence has been collected to show 
that they are formed almost if not entirely of crystalline rocks. 

After crossing the Chinese frontier, the road descends slightly 

into the Chinese Shan State of Kan-ngai and for some days’ journey 
goes over the level lacustrine deposits of the Taping valley. A 

greater contrast could not be imagined than that presented by the 
steep slopes of the practically uninhabited frontier hills, clothed in 
thick evergreen forests, and the broad Shan valleys forming open 
park-like country, bounded by grassy slopes, covered every¬ 
where with fertile rice lands and supporting the dwellers of many a 

prosperous village. The Kan-ngai plain runs from south-west to 
north-east, is from 35 to 40 miles long and from 2 to 4 miles 
broad. It is bounded by gneissic ranges which rise to heights 
of 7,000 and 8,000 feet above the sea and separate it from 

the States of Ho-hsa and U-hsa, called Mong-hsa by the Shans 
and Maingtha by the Burmese. These latter States are in their 

turn separated from the next one to the south, (M&ng-wan) by a 
high gneissic dividing range. 
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The Kan-ngai State at its north-eastern extremity ends in a ridge 
which runs up close to the river from the south and has forced 
it into a narrow defile known as the Hu-lu-ko gorge, through which 
the Nam-ti flows after the Taping has split off and turned to the 
north (PI. 15). Across this ridge lies the State of Nan-tien. The 
route still proceeds in the same general direction crossing gneisses 
and mica schists with granitic intrusions, high above the steep sides 
of the valley, which must be scenes of frequent and by no means 
insignificant landslips, judging from the state of the slopes and by 
the immense amount of rock detritus brought down into the open 
plain below. 

The Nan-tien plain, which has a general elevation of about 3,600 
feet, is not so extensive as that of Kan-ngai, extending only for about 
15 miles down the left bank of the Nam-ti (PI. 15). The paddy land 
is seldom more than one mile broad though the plain is thickly popu¬ 
lated by both Shans and Chinese. Owing to the large amount of 
sandy and rocky detritus brought down by the side streams into 
the main valley, some of these tributaries now have the curious 
appearance of. running above the general level of the plain itself. 
Both plains are bounded by terraces of fluviatile and lacustrine 
deposits of late Tertiary age which often attain a great thickness, 
and beyond which rise the gently rounded and much denuded 
slopes of the crystalline rocks. 

Soon after leaving Nan-tien, the capital of the State, the road 
syrings round to the north, and from an elevation of 3,700 feet 
ascends at once a further 1,500 feet to the small plateau of Ho- 
shuen-shan, which is composed of rocks of the TOng-yuoh Volcanic 
series, the southern edge of which is only some 10 miles from 

Tc*ng-yiieh itself. At the commencement of the ascent near JS- 
shui-tang hot water flows from the hillside in a number of springs, 
which have deposited large quantities of travertine. Beyond the 
village of Hsiao-hoti-ho the lava fields of the volcano She-toe-shan 

are first met with, the whole of the surrounding country b^ing covored 
with masses of broken and tumbled flows of heavy, black, slaggy 
appearance, as often as not full of steam holes and exactly resemb¬ 
ling recent pumice. Over these beds there is only the scantiest 
growth of ferns and bracken and no soil to.speak of. « 

The town of TPng-yiieh, which is called Momien bj* the Burmese 
and bv previous writers, is situated at a height of 5,500 foot above 

sea level, in a plain some 6 miles long by 3| miles wide (PI. 16). It 

b 2 
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is bounded on all sides by high grassy hills, which rise up very 
steeply on the east to a height of over 7,500 feet, but on the other 

sides and especially on the north slope up more gradually. Some of 
the lower slopes are under dry rice cultivation. The plain, which is 

intensely cultivated, is watered by a small stream, the Sin-ch'ia Ho, 
which enters by the north-east and flowing along the northern side 
after approaching close to the walls of the town, empties itself 150 
feet over an imposing waterfall into the lower plain of Ho-shuen-shan 
(PI. 13). The T0ng-yiieh plain owes its origin to lacustrine and fluvia- 

tile deposits of late Tertiary age, while the peculiar topography of 
the surrounding hills is brought about by the rocks of the T6ng- 

yiieh Volcanic series. To the north rise the symeterical slopes of 
the volcano Tay-in-shan, while to the east—on the other side of 

the Shweli river, tcweis the mountain wall of the Irrawaddy-Salwoen 
divide, cne of the most striking features of th3 present orography 
of this pait of the world. The Teng-yiieh plain is very thickly 
populated, the villages, which are often of great size, being usually 
situated at the edge of the cultivated ground, or on the lower 

slopes of the hills. 

The Ho-shuen-shan valley, which is some 3 miles long by 1 mile 
broad, is situated immediately below the waterfall and flome 400 
or 500 feet below the level of the Teng-yiieh plain. The volcano 
She-toe-shan rises from its centre, and the black, rocky slopes 
formed by the lavas stand out in marked contrast to the 

rounded grassy outlines of the granitic and gneissose rocks, whicji 
bound the valley to the west (PI. 7). A small stream from the north 
meets the Sin-ch’ia Ho towards the southern end of the plain after 

flowing round the western edge of the volcano. 

The geological data which form the basis of this paper were 
gathered together during the years 1907-1910, when in the course 

of other duties I traversed the country between Bhamo and TSng- 
yiieh several times, visited the states of Ho-hsa, La-hsa and Mdng- 

wan, and made various excursions around T£ng-yiieh itself. Pres¬ 
sure of other work, especially in the field, has delayed the prepa¬ 
ration of the present paper, which it is proposed to supplement 
in the near future with others describing the geological structure 

of more distant parts of Yunnan and other regions. The unusual 

manner of treatment adopted herein demands the explanation 
that the geological notes were made under difficult conditions, and 

for the greater part during rapid route marches, when very little 
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time could be spared for minute examination or detailed description. 

It is hoped that the broad outlines which are given may prove a 

foundation for the future worker, and go some small way towards the 

elucidation of the geological structure of this most interesting region. 

My colleague Mr. R. C. Burton has undertaken the petrological 

examination of the rocks of the Teng-yiieh Volcanic series and his 

report is published in the present number of these Records. I 

would here express my thanks for his interest and help in the matter. 

Previous Observers. 

This paper1 deals with country to the north of Bhamo, which 

, „ . . . was rapidly traversed by both C. L. Griesbach and 
C. 1'. Orlesbacb. •• i , 

r. Noetling, but it is near enough to the area 

under description to merit mention here. It is stated that the entire 

district north of Bhamo appears to be formed by a succession of 

flexures of older rocks, all striking more or less north and south and 

north-east to south-west, which flexures have been extensively eroded 

by the drainage of the Upper Irrawaddy. By far the greater part of 

the ground explored was found to be formed of crystalline rocks, 

amongst which o coarse, porphyritic gneiss is very characteristic in the 

eastern part reported on. Besides the gneissic rocks, there are also 

schistose, phyllitic and hornblendic varieties, but the whole group has 

evidently undergone most extensive folding and crumpling with sub¬ 

sequent erosion, and is now so greatly obscured by sub-recent de¬ 

posits and vast forests, that, in the writer’s opinion, it will for a 

long time to come be next to impossible to arrive at any clear 

knowledge of the sequence of the series. It is further considered 

that certain less crystalline rocks, chiefly limestones which occur 

in the midst of the metamorphic flexures and seemingly conformable 

to the latter, belong really to the palaeozoic groups, though actual 

proofs are wanting. Mention is also made of the widespread 

alluvial deposits, both fluviatile and lacustrine, which occupy the 

wide troughs of the Irrawaddy and its minor confluents. 

This author was medical and scientific officer to the expedition 

under Colonel Edward B. Sladen which pro- 
J. Anderson. ceeded through independent Burma to T6ng- 

yiieh in 1868, and later, in 1875, he joined that of Colonel Horace 

1 M Geological sketch of the country north of Bhauio." Rtcorde, (Jed. SurvJnd., 
Vol. XXV, Pt. 3, pp. 127-130, 1802. 
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Browne which had to retire from the frontier.1 Anderson 

has given general accounts of the physical features, geology, 

etc., of the districts which he visited and observes that the 

frontier hills appear to be largely composed of metamorphic and 

crystalline rocks, a common variety being a dark bluish-grey, fine¬ 

grained gneiss containing layers of felspar. The varieties of 

structure are said to be numerous, and beds of the very 

finest grain were found lying alongside others resembling porphyry, 

while schistose, felspathic and granitoid forms of gnicss also occur. 

The physical geography of the Kan-ugai, Nan-ticn and Mong-hsa 

valleys is outlined, and their superficial deposits are described as 

consisting of yellowish and bluish clays and sandy loam, with inter- 

bedded river gravels. To Anderson belongs the discovery of the 

extinct volcano She-toc-sban (erroneously termed Hawshuenshan), 

which lies in the little valley of Ho-shucn-shan, a few miles below 

Wng-yiieh. The Teng-yiieh valley is also described and reference 

made to the sands and clays of lacustrine origin which fill it. 

Loozy was the geologist attached to Count Szcchenyi's expedition 

across China (1877-1880), and made a rapid 

traverse through Yunnan in 1879.2 Entering the 

province to the south-east of A-tun-tzu, he marched down the 

valley of the Yang-tze-ch'iang to Li-kiang Fu, and thence, still 

proceeding southwards, to Ta-li Fu. From this city the main 

westerly route to Bhamo was followed. In the geological section of 

the report, brief notes, the result of hurried wayside observations, 

are given, which include a short description of She-toe-shan, some 

account of the late Tertiary deposits of the Taping plains and a 

few remarks on the gneisses of the frontier ranges. 

Ludwig von Loczy. 

Recent changes in the course of the Irrawaddy near Bhamo. 

Bhamo is situated on the left bank of the Irrawaddy in Lat. 24° 

16': Long. 97° 10', about a mile below where it is joined by the 

Taping (PI. 16). In a direct line from cast to west the valley is here 

some 16 miles across and filled with alluvial deposits. An examina¬ 

tion of the topography of the district reveals some interesting 

features, for 6 or 7 miles to the north of the town the river 

1 “ A report on tho expedition to Western Yunnan vid Bhamo." Calcutta, 1871. 
•• Mandalay to Momien " a narrative of tho two expeditions to Wofltom China of 

1808 and 1876.tX London, 187G. 
1 *4 Lio wiKBODHchaftlichen KrgcbniHao dor Rci&c doe Graf on Bola Szochonyi in 

Oxt-Aaion." Vionna, 1892. 
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enters its third defile. A mile wide in the plain, quietly flowing 

between low, sandy banks, the course of the river in the defile itself 

is no more than 150 yards wide for 30 miles, and in places narrows 

down to 50 yards. High cliffs rise from both sides of the channel, which 

is rock-bound throughout the whole of its length. 10 to 12 miles 

east of the present channel of the river and approximately parallel 

with it, is a broad open plain at the southern end of which Bhamo 

is situated, and which at present contains no stream of any import¬ 

ance. The questions which present themselves are, did the Irra¬ 

waddy ever flow along this plain, and if so, what has caused it to 

leave so easy a path and break through mountains 2,500 to 3,000 

feet high, composed of ractamorphic schists ? The answers have 

been partially supplied by J. M. Maclarcn, who has shown that 

at no very distant time the Irrawaddy flowed beneath the frontier 

hills, while a tributary stretchod from near Bhamo northwards into 

the hills for a distance of about 30 miles. Beyond its head again 

another stream flowed northwards to join the Irrawaddy near Sinbo. 

As both streams sculptured out the country towards their sources, 

the col which separated them was lowered until the Irrawaddy 

waters at high flood burst over it, “ and hampered by the lack of 

grade due to its mcanderings on its old flood-plain, gladly seized 

and deepened its new channel. It became, indeed, locally rejuve¬ 

nated.”1 (PI. 17.) 

The second defile of the Irrawaddy was probably produced in 

a similar fashion though the evidence is not so clear. The course 

of the old river bed is now occupied by the Thittaung Chaung and 

the waters of the parent river may have been tapped by a small 

tributary near Sinkan. To carry Maclaren's arguments a little further, 

it seems almost certain that the eroding action of the smaller 

BtreamB, which are really reaponsiblc for these cases of piracy, has 

been helped by those differential earth movements which we know 

to have affected this region within very recent geological times. 

Such recent cases of change are of course not confined to th^ Irrawaddy, 

for La Touche has shown that the Nam Tu or Myitnge, the tribu¬ 

tary of the former river which drains a large part of the Northern 

Shan States and joins the parent stream a few miles to the 

south of Mandalay, has undergone an almost ‘identical change. In 

1 “ The eouTHo of tho Upper Irrawaddy.” Qtographical Journal, Vol. XXX, pp. 
007-611. 
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both cases fthe bed of the stream has been shifted into higher 

country to the west of its former line of flow, circumstances which 

it is difficult to explain as accidental, and which are probably related 

to the earth movements which have taken place. 

The remarkable and rapid changes of level which affect the 

Irrawaddy near Bhamo arc to some extent due to the narrow opening 

into the northern end of the third defile. As a general rule the 

whole of the plain along the banks of the main stream and its 

tributaries the Mole, Taping. Sinkan and Kauk-kwo, is at certain 

times of the year in a water-logged condition. But with a rise 

of over 30 feet in the water level at Bhamo to over 80 or 100 

feet above the low water mark at Sinbo, near the head of the third 

defile, this is easily explained, for the parent stream dams back its 

tributaries by overflowing its banks. Maclaren states that it is re¬ 

lated at Sinbo that the river has been known to rise 80 feet in a 

single night, and that in the great floods of the rains the turmoil 

of the waters in the basin above the gorge is indescribable. 

There must therefore be a considerable “ banking up ” of flood 

water at the heads of the Irrawaddy defiles, the reflex action of 

which will tend to push back the smaller streams and so prevent 

free flow. 

Physical Geography. 

The undulating though almost level country in which Bhamo 

is situated, is replaced 10 or 12 miles to the cast by ranges 

of mountains which rise like an unbroken wall to heights of over 

7,000 feet, and which run in an approximately north-wist, south-west 

direction. Orographically the outermost range is regarded as the 

western rim of the Shan plateau, spurs from which contain the 

second defile of the Irrawaddy between Bhamo and Shwegu. The 

outermost range contains the peaks Alaw Bum 5,783 and Hkawan 

Pum 4,748 feet above the sea : near Bhamo it has the small Mole 

Chaung flowing roughly parallel to it, while the Taping itself 

breaks across 20 miles to the north-east of the town. Starting in 

Maru Pum 5,513 feet, and running more or lets north and south 

through the area undor discussion, is a second and higher range 

which south of the Taping forms the actual Burma-China frontier. 

Long spurs jutting out from this range in a general north-easterly 

direction determine the courses of the streams which have 

formed the valleys of Mong-wan, Ho-bsa, La-hsa, and Kan-ngai. The 
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actual frontier line leaves this range where it crosses the Taping, 
and after proceeding along the latter river, continues up the valley 
of its tributary the Nampaung Hka, while the hills themselves run 
north and then north-east through the peaks Prawman Pum 
6,440, Pumling Pum 6,920, Malai Pum 8,572 and Talang Pum 8,571 
feet, so forming that high and well-defined ridge, which closes the 
main Taping valley and defines the limits of the Kan-ngai and 
San-ta States. Further into Yunnan the minor spurs break up into 
a complicated maze of smaller hills, but the general trend of the 
higher ranges is north and south, corresponding to the strike of 
those great systems which further cast, and north separate the 
waters of the branches of the Upper Irrawaddy, Salween, Mekong 
and Yang-tze-ch’iang. 

Tlng-ytieh and Ho-shucn-shan are in small valleys formed by 
the headwaters of the Nani-ti, which like those of the Taping have 
ft north and south trend. A high ridge to the east separates the 
T£ng-ytieh plain from the deep valley of the Shweli, which after 
(lowing north and south turns to the south-west in the same way 
as the Taping does. As a portion of the country herein described 
lies within the Shweli valley, it may be well to give some account 
of the upper reaches of the river. The Lmig-chiang or Shweli, (as 
it is known to the Burmese), divides into two streams near Chii- 
ch’ih, 17 miles north-cast of TAng-ytieh. The main stream proceeds 
in a north-north-easterly direction, but the other branch takes a more 
westerly course as far as Ku-tung-kai, 22 miles north of T£ng-yiioh. 
Here it divides into two streams, the No-lo Ho, which continues 
in a north-north-easterly direction almost parallel to the main river 
and forms the Ming-kuan valley, and the Hsiao-pa Ho which flows 
from the north-north-west and forms the valley known as Tien- 
t’aung-kuan. Another smaller branch of the latter stream forms the 
Hsi-lien valley. These valleys arc separated by single ranges which 
rise to altitudes of 8,000 to 10,000 feet above the sea, though they 
are only 8 to 10 miles apart as the crow flies. The mountains which 
border T’ien-t’aung-kuan on the east, meet at the head of the 
valiey with the western border runge in the peak Chieu-shan, which 
is over 11,000 feet above sea-level and is on the frontier itself. 
Throughout the whole of the T£ng-yiieli district, the landscape to 
the east is dominated by the Kao-liang-shan, the lofty jagged line 
of peaks which rise to over 15,000 feet further north and separate 
the drainage areas of the Irrawaddy and Salween. 
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Classification of strata. 

The following rock groups have been recognised in tho Bharao— 

T6ng-ylieh area— 

(1) The gneisses, mica schists and crystalline limestones of 

the frontier hills. 

(2) The intrusive granites of the Upper Taping valley. 

(3) The metamorphic rocks of the Kao-liang series. 

(4) The eruptive volcanic rocks of the Teng-yiieh area. 

(5) The later Tertiary deposits of the Taping, Mbng-hsa, 

Mbng-wan and Teug-yiieh valleys. 

(G) Recent deposits. 

The Crystalline series between Bhamo and the Chinese frontier 
at Ku-li-kha. 

The undulating alluvial plain which stretches cast from Bhamo 

is covered with open forest and small trees and bush jungle arc 

not common, though there are many cloHrings. The plain is dis¬ 

sected by small watercourses in which sections of the sandy beds 

forming the greater part of the alluvial deposits are'sometimes 

visible. The road runs in a north-easterly direction following the 

general course of the Taping which is here a placid, slow-flowing 

stream. After passing the Shan village of Alo-mouk the ascent 

into the hills commences, but it is not until the 12th mile from 

Bhamo that the first exposure of the gneiss, which with its asso¬ 

ciated rocks forms the whole of the Kachin frontier hills, is met 

with. Very few exposures are indeed visible in this part of the 

route, and it is only where small streams have excavated through 

the overburden of decaying vegetable matter and soil that the 

strata can be studied in situ. The gneiss itself is generally 

of a white colour, with an uusually large amount of quartz and 

a little biotite mica ; in typical specimens it is coarse-grained. 

The strike of the foliation planes is north-cast, south-west, though 

often this structure is not well marked and the rock assumes the 

characters of a gneissose granite. 

As soon as the Taping enters the hills it becomes a swiftly flow¬ 

ing mountain stream, full of rapids and cataracts and constricted 

in a narrow gorge. The road, which is marked out by milestones 

to which frequent reference is made below, proceeds along its left 
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bank, sometimes close to the river, at other times high above it 

but seldom out of hearing of the deafening roar of its waters. 

Between miles 17 and 21 the track is covered with broken 

pieces of decomposed gneiss, but owing to the thick soil cap, few 

exposures are available. At mile 18i however, a large stream 

from the south flows down to join the Taping along the strike of 

the gneiss, which is here north-east, south-west with a dip of 50° 

to the south-east. The rock is of a greyish white colour and a 

rather coarse texture, with irregular patches of quartz, much clouded 

felspar, and many very small biotite laths, but it also has thin 

well marked and continuous bands of a darker tint, which on micros¬ 

copical examination have proved to be fine-grained hornblende- 

mica schists containing a little sphene. 

Between Ka-li-ehet, (mile 21, elevation 800 feet) and Mong- 

hkong-hka, (mile 43, elevation 1,250 feet), exposures are commoner, 

but of much the same type of rock. Up to mile 27 there are prac¬ 

tically no outcrops, but between this and mile 32 light and dark 

coloured gneisses alternate. This dark gueiss contains large por- 

phvritic felspars in a glistening background of quartz, mica and 

small felspars. Poor exposures of an even-grained gneiss containing 

quartz veins in places, crop out betwecu miles 32 and 33, and 

towards 34 schistose bands begin to put in an appearance. On 

the steep ascent between miles 31 and 35, crystalline limestones 

of coarse sacc-haroidal texture are interbedded with the dark variety 

of the gneiss, which here contains very promineut felspars, but 

exposures are very small and infrequent. 

At the top of the ascent the last view of the dobouchure of the 

Taping on to the Burmese plains is obtained with a far distant 

glimpse of the Irrawaddy itself. Outcrops arc poor from mile 35 

to 40, but are sufficient to prove that a light-greyish, compact 

gneiss is the prevailing type, while towards mile 41 crystalline lime¬ 

stones are seen again. The latter attain a stronger development 

towards mile 43, where they are pure white in colour, finely cry¬ 

stalline when broken, but weathered into large, discoloured, jagged 

masses which crop out high above the roadway. The rock with 

which they are associated hereabouts is a coarse, light coloured 

gneiss with porphyritic felspar crystals, often an inch in length. 

At mile 41J this gneiss is vertical and strikes east-north-east, 

west-south-west. The frontier is at Ku-li-kha, (elevation 2,000 feet), 

near mile 51, and for the intervening 10 miles there is no change 



184 Records of the Geological Survey of India. [Vol. XLIIt. 

in the rock exposures with the exception of the occurrence of 

fine-grained, dark-grey biotite schists which strike east-north-east, 

west-south-west between miles 44 and 45. The crystalline limestones 

become coarser and more banded and often take on bluish-grey 

and pink tints. The gneiss is of the finer, light coloured variety, 

sometimes rather laminated and pinkish in colour, but near the 

village of Pa-ch’iao-chai boulders of a coarse white gneiss and of 

a dark biotite schist were seen. 

Crystalline rocks between the frontier at Ku-li-kha and 
Mongwan. 

A traverse was made from Mbng-wan in the Nam-wan valley 

due north into the Ho-hsa, La-hsa valley, and thence across into 

the basin of the Taping to Man-hsien and Ku-li-kha. As the following 

route notes show, gneisses, schists and iutrusivc granite were the 

only rocks met with. 

Mong-wan (Lat. 24°, Long. 97° 59', Height 3,100 feet), is a* 

Chinese Shan State on the Nam-wan, a tributary of the right bank 

of the Shweli. The plain itself is about 20 miles long and from 

2 to 9. miles broad. After crossing it in a northerly direction, 

the track begins the ascent of the high range which divides the 

State from the Ho-hsa, La-hsa valley. Exposures are very rare 

owing to the ease with which the rocks weather down and to the 

thick grass growths which hide all traces of their remains. When 

an elevation of 3,750 feet has been attained, a small stream is crossed, 

the bed of which is full of big boulders of n reddish-white granite 

containing large porphyritic crystals of felspar. The track is covered 

with small pieces of quartz weathered out of this rock. In the 

cup -like depression formed by a small stream at an elevation of 

5,050 feet, large boulders of a rather coarse-grained biotite granite 

were found, together with a few doubtful exposures of the same 

rock.* From the pass which is reached at 6,050 feet, an excellent view 

of the Ho-hsa La-hsa plain with the Nam-hsa winding through 

it was obtained. The! valley is not so extensive as Mong-wan, 

but the ranges on the farther side are far more weathered and are 

broken up into innumerable smaller valleys. On the descent to the 

plain, granites of a similar kind to those found on the way up were 

followed by outcrops of decomposed white gneiss, slabs of which 

are used to pave the narrow roads connecting the villages. 
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The road joining the two towns of Ho-hsa and La-hsa runs entirely 

over the alluvial deposits of the valley, or across the slightly higher 

ground adjoining them. From an elevation of 4,900 feet at La-hsa 

the track ascends to the top of the range which divides it from 

the plains of the Taping. This is reached at 6,150 feet after cross¬ 

ing a belt of low-lying, much weathered, grassy hillocks with very 

little jungle, and afterwards, the steep slopes composed of a gneissose 

granite and covered with heavy forest. Looking towards the south¬ 

west from this elevation, that is to say in the direction of the British 

frontier post near Wa-ra Pum, the La-hsa plain with its southern 

bounding spur joining the parent range in Pum-sen Pum (6,831 feet) 

is clearly visible. The wide basin of the Taping forming the 

Kan-ngai State comes in on the other side, and the gap in the hills 

where the river breaks through them is exceedingly well marked. 

Tho frontier ranges themselves appear as a maze of hills north and 

south as far as the eye can reach, usually in the form of dome¬ 

shaped masses, occasionally as sharper peaks, but invariably clothed 

with dense forest to their very summits. Poor exposures of 

gneissose granite continue to be found as the descent is made, 

until 2 miles above Man-shien, where the true crystalline series was 

again met with, consisting of white, fine-grained gneisses and crys¬ 

talline limestones, which form well marked bands easily traced along 

the hillside near Man-hsein. From this village, which has an elevation 

of 3,200 feet, the Taping valley narrows in, and the road enters 

the hills again to reach Ku-li-kha. Contorted, fine-grained, bluish- 

grey gneisses are found 2 miles from Man-hsien, striking north 

25° west and dipping towards the cast at 38°. Further on massive 

biotite gneisses occur and near the Chinese outpost at Manhsan 

Ho, quartz schists strike north-east, south-west and dip south-east 

at 64°. Crystalline limestone with rarer white gneiss and quartz 

schists are the only rocks found from this point to the Chinese 

frontier guard at Ku-li-kha, which has an elevation of 2,580 feet. 

The Crystalline series between Nan-tien and Mong-wan. 

Nan-tien lies on the main Bhamo—T#ng-yueh route and is sepa¬ 

rated from Kan-ngai by a small range through which the Nam-ti, 

the eastern branch of the Taping, has cut a deep and narrow gorge, 

known as the Hu-lu-ko (PL 15). The road to Mong-wan goes through 
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this and then ascends the range itself, and drops into the Mong-hum 

or Lo-po-ssu-ch’uan valley; proceeding along this it crosses the 

Nam-hum, Nam-wan watershed and so reaches the Mong-wan plain. 

The foot hills of the Nan-ticn plain come close to the river at 

Hsin-chai, where the stream is in a narrow gorge crossed by a bridge. 

All the streams at this end of the valley contain boulders of 

gneiss and granite, the prevailing tints of which are light. In the 

actual gorge itself, which in places is impassable in the rains owing 

to the sudden rises of the stream, fine-grained gneisses containing 

small veins of intrusive granite crop out. On the ascent to the 

top of the dividing range on the south, practically no exposures 

were found, though near Lihsaw-chai white gneisses were dis¬ 

covered. During the descent to t he Mong-hum plain, which is about 

13 miles long, both gneisses and gneissose granites were observed. 

In the bed of the Nam-hum boulders of gneiss, mica schist and 

very rarely of granite were seen. The road down the valley keeps 

entirely to alluvial and lacustrine deposits, but from the water worn 

fragments of rock in the side streams, which always consist of 

crystalline rocks and nothing else, it is believed that the bounding 

ranges themselves are made up of such strata. 

Near the point where the Nam-hum turns south to join the 

Shweli, and where the road commences to ascend the high divide, 

fine-grained, white gneiss outcrops and in a stream a little further 

on, biotitc schists and gneisses were discovered. The road winds a 

great deal as it ascends the divide, and at 5,000 feet crosses 

worn and decomposed gneissose- rocks. Pebbles of biotite schist, 

quartz schist and a hornblende schist were obtained from the bed 

of a small torrent a little above this point. As the elevation 

increases the jungle becomes thicker, and rock exposures are only 

found now on the patches cleared for cultivation by the Kachin 

inhabitants of the hills. The top of the range is reached at 7 miles, 

elevation 6.200 feet, and here the traveller is rewarded by magnificient 

views of the beautiful Mong-hum, Mong-wan and Hsiao-lung- 

ch’uan valleys. Near the top, the hill-side is scattered over with 

weathered pieces of banded quartz schists and fine-grained mica 

schists. There is a long, easy descent to the Mong-wan valley over 

grass covered slopes, but unfortunately there are no exposures 

to be seen, though small pieces of mica schist strew the path 

in places. There can be no doubt that the alluvium of the 

Mongwan plain is underlain by crystalline rocks, for in places 
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about its edges large rounded masses project from the soil. The 

road across the paddy land is paved with gneissic and schistose 

rocks, and similar material is brought down by streams from the 

south side. # 

The Crystalline series around Teng-yueh. 

Crystalline rocks such as gneisses of various kinds and true 

mica schists, often with associated granites, continue to form the 

whole country up to and including the greater part of the Salween- 

Irrawaddy divide. From the neighbourhood of Nan-ticn as far as 

the Shweli, and for some distance to the north and south of Tfing- 

yiieh, they are largely buried under later deposits, either the late 

Tertiary silts and sands, or the out-pourings of the volcanic vents 

which are of such frequent occurrence. Yet there are numerous 

uncovered patches where the old crystalline foundation rises to the 

surface, either standing out as islands from the commencement of 

the changes which recent geological events have brought about, or 

from which the results of these same events have beon removed, by 

the everyday action of the long continued though slow processes 

of ordinary denudation. 

On the map which accompanies this report it has been found 

impossible to separate those areas composed of granite from others 

in which gneiss and mica schist occur. This is partly due to want 

of sufficient observations as only a very limited amount of time 

could be given to the survey of boundaries, and partly to the small 

scale of the only available topographical map. in tho immediate 

neighbourhood of Teng-yiieh true granites are of more frequent 

occurrence than gneisses or schists. 

Anderson has already shown that the ranges bounding Kan-ngai 

and Nan-tien on the north are composed of crystalline rocks, an 

observation which I was able to confirm. The largest exposure 

of granite near T£ng-yiieh is to be found in the Pao-fung-tzu ridge 

to the north-west of the city. 

The range which separates the drainage of the Ta-ho from that 

of the Ku-yung Ho is also composed of the same rock, which is often 

sculptured into deep jungle-covered ravines. The head waters 

of the Ta Ho near Chien-ma-chin contain great boulders of a coarse¬ 

grained granite. Marching along the Ku-yung-kai valley by the 

route which eventually reaches Myitkyina in Burma, there are few 

opportunities for observing the rocks building up the hillsides which 
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close it in, owing to the deep alluvial deposits. Sufficient evidence 

has been accumulated however to demonstrate that in all proba¬ 

bility the range dividing the Ku-yung-kai and Ku-tung-kai valleys 

is made up of crystalline rocks. Excellent exposures of gneiss were 

seen in the bed of the Ta-ho, close to the junction of the latter 

river with the Ku-yung Ho. flranite occurs ip the grass and jungle- 

covered hills which bound the district of Hsi-lien on the west, 

directly north of 'Wng-ytteh. 

Turning now towards the cast, we find exposures of gneissose 

granite often overlain by andesites, in the high ranges which sepa¬ 

rate the T$ng-yiieh plain from the Shwcli valley. On the low 

broad ridge near Chin-tsai-tang the streams have cut through the 

andesite covering and have exposed the granite below. On the south, 

gneissose granite occupies the country as far as the Shweli river, being 

overlain in places by small patches of eruptive rocks. Further details 

regarding these occurrences are given in the traverse accounts dealing 

primarily with the eruptive rocks. 

Metamorphic Rocks. 

In the neighbourhood of Huan-hsi-po, on the ridge separating 

the drainage of the Ta-ho and the Ku-yung IIo, a series of white 

quartzites and fine-grained lustrous phyllitcs was found. These arc 

similar to phyllitic and slatcv rocks folded into the top of the 

Irrawaddy-Salwecn divide, which is outside the area under descrip¬ 

tion here, but for which 1 have already suggested the name 

Kao-liang series. In appearance they are very like the strata 

classified as Chaung Magyi in the Northern Shan States and probably 

they are of the same age. This single exposure is too small to be 

shown on the map. 

The Teng-yueh Volcanic series. 

John Anderson was the first observer to give a general description of 

the volcano Shc-toe-shan or, as he erroneously called it, Haw-shuen- 

shan. Part of this description is given here :— 

“ In connection with the Nantin (Nan Tien) valley, and very 

noteworthy, is the large extinct volcano of Hawshuenshan that 

occurs at its head, and only separated from the valley of Moraien 

(Tfing-yiieb) by the little circular valley of its own name. It lies 
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about 500 to 400 feet above the level of Momien, and its base is 

from GOO to 700 feet above that of Nantin. It runs nearly north 

and south and is about four miles long, and of an elongated oval 

form. On its eastern side it is surrounded by flat topped grassy 

hills, which are generally higher than’it, and to the west and north 

it is separated from the base of a lofty range of mountains by an 

intervening plain about 4 miles in breadth. It is about 300 feet 

in height and its summit is an apparently rounded mound, covered 

with luxuriant grass, while its long flowing sides arc a mass of 

black lava, thrown into long undulations from top to base, or 

broken up at intervals into heaps, with a few plants growing 

among the interstices.The sea of rounded hills to the 

south and cast is forcibly suggestive of volcanic energy, and the 

occurrence of a small outburst of lava, on the west slope of the 

Momien vallev indicates that disturbing influences must have been 

felt over a very large tract of country. It doubtless rests on a 

platform of rocks similar to those found in tho Sanda valley and 

which appear to the east of Momien so that there has been a 

comparatively recent outflow of basaltic trap over an extensive 

area composed largely of granite and metamorphic rocks.”1 

L. von Loczy later made a rapid traverse through the TAng-yiieh 

district and gives a brief account of this volcano. He was the first 

to recognise the difference in age between the older “ ash grey, 

biotite, amphibole andesites” of the Pagoda Hill near T6ng-yiieh, 

and the felspathic basalt lavas poured forth from She-toe-shan 

itself. 

Other extinct volcanoes which I discovered during the course of 

the present work are :— 

Lao-kuei-po. 

Tay-in-shan. 

The cones of the Kung-po group. 

She-toeshao. 
The area occupied by She-toe-shan and its associated lava fields 

is an elongated oval, approximately G miles in length from north 

to south and 4 miles wide at its broadest part. The lavas abut 

on to the alluvial deposits of the upper part of the Nan-tien plain 

in the vicinity of the market town of Mien-chien, and on the east 

they overflow the older, bedded, platey andesites around T6ng-yiieh, 

1 Report on tho Expedition to Yttnnan, p. 90. 
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and the granites of the Pao-fung-tzu range. Looked at from the 

high ground above TSng-yueh, the crater of the volcano is very dis¬ 

tinctly seen rising up from a platform of erupted material, which streams 

down towards the south, at a much lower angle than on the north. 

Although She-toe-shan has been quiescent within historical times, 

nothing could be more evident than its recent appearance. Erosion 

and denudation have up to the present made little impression 

upon it. The lava beds which exhibit wrinkled surfaces showing the 

direction of flow, and radial clefts due to contraction of the cooling 

material, have no soil upon them on the lower platform, con¬ 

sequently no vegetation except orchids and the hardiest of grasses 

can flourish. Their surfaces show no weathering and where the flows 

have crossed and overwhelmed each other, masses of loose blocks of 

lava are piled up, making progress across the sides of the cone, 

a matter of difficulty and danger. There is no surface water, for 

the rain disappears into the bubble holes as soon as it falls. 

The lower part o^the volcano and all the flows around arc made up of one 

type of rock, a black, slaggy, pumice-like material, often full of steam 

holes ard very rarely of a denser nature. Mr. Burton has found 

these rocks to consist of scoriaceous basalt, and olivine basalt 

lavas. 

I should estimate the height of She-toe-shan above the level 

of the plain in which it stands to be about 900 feet. The last 

300 feet rise up more abruptly, as can be seen from the photograph and 

sketch, and form the crater itself. The sides are very steep and arc 

covered in places with short grass, and lines of weathering are 

slightly visible upon them. The steep crater wall does not extend 

completely round but is blown out somewhat towaids the north. 

To the west, the much denuded slopes of the gneissose ranges 

running towards the south-west, and shutting in the plains of 

Nan-tien, are only separated from the lava fields by a narrow 

belt of alluvial ground, through which the Ta-Ho flows to join the 

stream from T£ng-yUeh, a few miles further to the south (Pi. 10). 

Lao-kuei-po. 
The extinct volcano Lao-kuei-po lies about 2 miles to the 

west of T£ng-yiieh city and rises to a height of 800 feet above 

the northern side of the small Ho-shuen-shan plain. The slopes 

of the cone are very regular with no rock outcrops visible from 

a distance on its sides, and it was only from the top of the 
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Pagoda Hill to the south-weat of T£ng-yiieh that its general shape 

and a view of part of the crater wall led to its being visited. 

The crater wall is almost circular save where it is blown out 

on the west side overlooking the Mien-chin plain; through this 

shallow opening the long, slaggy lava fields of the south-eastern slopes 

of She-toe-shan can be seen, backed by high gneissose ranges. 

The crater itself is about 100 feet deep and 200 yards across, 

and is best approached by climbing up the precipitous side of 

the volcano, which towers above the Chinese village of Ta-chuan. 

The lower slopes are clothed in pine forest, and higher up, thick 

grass hides all good exposures of rock. The small outcrops which 

were found consisted always of a very light pumice-like rock, so 

full of steam holes that small pieces were found to float on water. 

From the greater denudation that it has suffered, it is evident 

that Lao-kuei-po is older than She-toe-shan. 

Tay-in-shan. 

The volcanic origin of this hill which forms such a prominent 

feature of the landscape to the north of TAng-yiieh, was first sus¬ 

pected by Loezy, from its general outlines ; even from a great distance 

away its long sloping sides arc clearly visible (PI. 9 & 11). Loezy how¬ 

ever did not visit the bill. It lies 8 miles to the north-north-west 

of T£ng-yiieh, and rises to a height of 9,400 feet above the sea, 

and some 3.250 feet above the general elevation of the TAng- 

yiieh plain. It is entirely composed of black, slaggy, pumice-like 

lavas which continue from base to summit. In appearance they 

are practically identical with the lavas of She-toe-shan, and the 

area which the later flows cover is much the same, though more cir¬ 

cular in outline. At the base the slaggy black lavas are seen in 

contact with the underlying granite. The ascent is easy at first 

but it becomes more difficult higher up, because the independent 

lava beds have a tendency to end off in wall-like escarpments 

which have to be negotiated with some care. The flows arrange 

themselves in platform-like structures which are not clearly 

seen from a distance, and it is from one of these that the cone 

rises. The crater wall is missing on the south-east side, thus 

giving to She-toe-shan the double-topped appearance it possesses 

when viewed from the south. 

o2 
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The Kung-po Volcanoes. 

I have given this term to a group of small craters of the “Pay” 

type, from the name of the sub-division of the T6ng-yiieh district 

in which they are situated, which lies some 12 or 13 miles to 

the north-east of the city. Looking south from the high ground 

to the north of Ku-tung-kai, (a small market town 22 miles north 

of T^ug-yiieh), no less than 7 small craters can bo seen, exclud¬ 

ing Tay-in-shan (PI. 12). 

The three more important of these can be conveniently visited 

from Ma-chan-kai, a Chinese village approximately half way between 

T6ng-yiieh and Ku-tung-kai. The most southerly rises gently 

from the plain to a height of 150 feet approximately, and consists 

of an almost circular wall, with a deep crater hollow inside. 

Owing to extensive cultivation, no rocks are visible (Pis. 8 & 15). 

The middle hill 6,600 feet in height above sea level, attains 

a height of 7Q0 or 800 feet above the surrounding plain, and 

is very much steeper than the former one. Its crater is a little 

smaller and not so deep. Long grass with a few scattered pine 

trees covers it on all sides, but a few exposures of a pumice-like 

lava were obtained. The most northerly of the group appears 

to be younger, for its separate flows are clearly visible, and are 

only clothed with a thin scrub jungle. The crater itself is 300- 

350 yards across and its wall is blown out on the north and 

south. The lava beds of this volcano are very like those of 

Tay-in-shan, and appear in places to banc overwhelmed the alluvial 

and lacustrine deposits of the valley, which are cultivated up 

to their edges. Another hill to the north-north-east has the same 

truncated and inverted conical appearance with the inner edge 

of its crater wall showing. These volcanoes are too small to be 

shown independently on the map in my possession, so the area 

covered by their latest cjectamenta has been coloured. It is 

approximately 3J miles long and 2 miles broad at its widest part. 

The probable existence of other centres of eruption. 

The mountain Yao-wu-shan (7,200 feet), to the north of Ku-tung- 

kai has all the appearance of an old volcano, but its sides are 

grass-grown and there are no rocks visible. The high peak 

Lutsung-shan (8,800 feet), visible from T£ng-yiieh may be of simi¬ 

le* origin. I am informed by Mr. George Forest who accompanied 
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the late Consul, G. A. Litton, into areas lying north of those 

traversed by myself, that hills of crateriform aspect were met with 

on their journey, and it is probable that extended examination 

will reveal further volcanic foci in this direction. 

The older bedded andesites. 

The eruptive rocks of these volcanoes are more or less con¬ 

fined to small areas around them, and over which they were poured 

in late Pliocene or even Pleistocene times, when the general oro¬ 

graphy of the district was much the same as it is at the present 

day. This is proved by the recent appearance of the craters and of 

the rocks themselves, by the fact that they have taken part in no 

earth movements and are not tilted, folded or crushed in any way, 

and also that in Kung-po at least and possibly elsewhere, they have 

poured out over the late Tertiary lacustrine deposit^ of tho valleys 

close to which they are situated. 

But it is certain that the very ancient, ash-grey, greyish-blue 

and occasionally reddish-grey, close-grained, porphvritic andesites 

which have a characteristic platcy structure and which are often 

folded, belong to a very much earlier period. Wherever these 

rocks are found they always underlie the later ones and come 

between them and the crystalline floor. 

The massive andesite group. 

Distinct from the older bedded andesites and from the newer 

slaggy lavas, is another scries of emptives which are generally of 

a light grey, trachytic nature, sometimes solid and sometimes 

with a well developed pumice-like structure. From the incomplete 

evidence at our disposal at present, it is believed that the vents 

of the older platey andesites have long since been removed by 

denudation, and that they were probably erupted in some far away 

geologic period, for their distribution bears no relationship whatever 

to the present lie of the land, and their appearance vividly recalls 

some of the palaeozoic andesites of Great Britain. Again, it is 

certain that they have taken part in the Tertiary earth movements 

which were largely responsible for the distribution of mountain 

and valley in this part of the world at present. 
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The massive andesites are older than the black slaggy lavas 

associated with the vents which exist to-day. Sometimes, rocks 

of this series are found in direct contact with the old crystalline 

floor, which circumstance is explained by assuming, cither that the 

older folded and platey andesites did not originally reach these 

particular places, or that they were removed by denudation before 

the later ones were erupted. 

* 

Eruptive rocks to the north and north-east of Teng-yueh. 

The noithem route leaves T£ng-yiich at an elevation of 5,450 

feet and after crossing the river, commences the ascent of bare 

hills which extend to the foot of the Tay-in-shan—Lu-tsung-shan 

range. Although exposures are hard to obtain, it is believed 

that these hills arc entirely made up of the older beddod ande¬ 

sites. Near the fourth mile the lavas of Tay-in-shau are first- 

encountered. and the ascent becomes steeper up a narrow valley 

to a pass on the low saddle which separates the spurs of the two 

peaks. The small stream which flows down the pass, marks the 

junction of the old andesites with the younger lavas of the volcanic 

cone to the west. These andesites are very contorted, in places 

possessing a vertical dip, and they are unconformably covered 

with the practically horizontal Tay-in-shan lava beds. The 

andesites weather down into a red tenacious clay which forms 

a stiff and unproductive soil. The road now commences to 

gradually descend through fir woods still keeping in the same general 

direction. Near the bridge at the small village of Hsiang-shui-kou 

the andesites strike west-south-west, east-north-east and dip south- 

south-east at 22°. 

The greater part of the valley which is now entered is filled 

with alluvium partly occupied by a paddy plain. It is underlain 

however by slaggy, pumice-like, recent lavas judging from the 

outcrops found on the ground above the paddy plain level, over 

which the road crosses. In places the extreme porosity of the 

stone below causes the tramping of men and mules to make a 

dull, muffled sound, although no outcrops may be visible. When 

the latter are seen below the soil with its covering of thin 

scrub jungle, they look exceedingly fresh and the lines of flow 

have a north-easterly or north-north-easterly direction. It was 

found to be impossible to map these flows which arc probably 

the earlier outpourings of Tay-in-shan, on the small scale map, 
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and the volcanic rocks of this centre of eruption as shown, only 

represent those of the latest generation. 

As Ma-chan-kai is reached the group of small volcanic craters 

described in an earlier paragraph come into view, and the road 

crosses another paddy plain to the large village of Shuu-shiang, 

17 miles from T£ng-yiieh. The boundary hills to the west of this 

place are composed of a coarse gneissosc granite, consisting of a 

very decomposed white felspar with quartz in about equal 

amounts, and a little biotite mica. Further to the south near 

Po-shang-tsun, this gneissose granite has been much metamorphosed 

by the heated lava flows which have come on to its upper surfaces, 

so that the rock now consists of a soft reddish material with 

the quartz remaining as the only recognisable mineral. It is pro¬ 

bable that the two hills to the south-east of Po-shang-tsun are 

composed of granite, standing out as islands in the lava plateau. 

Tho last of the well defined flows is seen just beyond the 

village of Shun-chiang, where it overwhelms some of tho valley 

deposits. Near Ku-tung-kai great thicknesses of alluvium hide all 

outcrops, but to the north on both branches of the road, one 

of which leads into Ming-kuan and the other into T’ien-t’aung- 

kuan, the old bedded andesites occur again. These rocks appear 

to make up the whole of the mountain Yao-wu-shan, which attains 

a height of 7,200 feet above sea level. Near the village of Yao- 

wu-shan, which lies on the lower northern slopes of the mountain 

of the same name, the andesites strike east and west and dip 

to the south at 35°. Further to the north however the strike 

veers round more towards the north. In the T’ien-t’aung-kuan 

near a small village Hai-tang, which lies a few miles to the south 

of Ying-pan-kai, the last outcrops of decomposed, porphyritic, 

grey, platey andesites were found, which in appearance resembled 

the Yao-wu-shan rocks exactly. To the north of this point, and 

in the upper parts of the Aling-kuan as far as they were tra¬ 

versed, gneissose granites and crystalline limestones were the only 

rocks met with. 

Returning to Ku-tung-kai and marching south-east into the 

Shweli valley at Chii-ch’ih, and thence south-west to Teng-yiieh 

again, many sections of the eruptive rocks were obtained. For 

the first few miles the open grassy downs which border the plain 

on the east were traversed, but where tho road crosses the river 

by a bridge, there are excellent exposures of the massive andesites. 
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For some miles beyond this point the road crosses grassy uplands 

which are partly cultivated and partly covered with sparse 

pine woods. The river flows in a rocky gorge the general direc¬ 

tion of which the road follows. There is only a thin soil covering 

and the massive lavas frequently pierce through this to the 

surface. It is possible that some of these may belong to the 

more recent outbursts of the Kung-po group, but only detailed 

petrological examination and mapping on a large scale could de¬ 

finitely settle this. Between Shun-chang and Ckii-ch’ih decomposed 

gneissose granite was observed on the higher ground, overlain 

down in the valley by decomposed bedded andesites. 

Massive andesites are found between Chii-ch'ih, which has an 

elevation of 6,550 feet, and the Shweli crossing at 4,900 feet. Similar 

rocks outcrop in the bed of the river. 

Between Chii-ch'ih and T£ng-ytich massive andesites continue to 

the large tributary of the Shweli which is crossed at the second 

mile, but here they arc replaced by the older bedded group 

which in places have more the appearance of tuffs than is usual. 

From this point up to the top of the divide which separates the 

diainage of the Shweli from that of Taping there are practically 

no exposures, but just beyond the pass and close to the Hai-kou 

lake, a small outcrop of greyish-white, massive andesite was fouud. 

The village of Hai-kou has an elevation of 7,300 feet and just below 

it, the old bedded andesites are found in good exposures, exhibit¬ 

ing considerable contortion. The best examples of this structure 

are to be seen near the village of Fu-i-tsun overlooking the Teng- 

yiieh plain. The small outcrop of the massive andesite found 

near the pass at an elevation of 7,700 feet, lies above the ancient, 

bedded, platey andesites and may represent the remnants of a 

former much wider-spread sheet. 

Excellent examples of the massive andesites arc obtained in the 

quarries near the residence of the Commissioner of Customs, and 

just below the waterfall at Teng-yiich. The walls of the city 

which arc of considerable magnitude are constructed of the same 

rock, which makes an excellent building Btone. 

Eruptive rocks on the east of Teng-yueh. 

On the east of T6ng-yiieh, volcanic rocks continue almost as 

far as the Shweli river, that is to say for a distance of 15 miles. 
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The direction of the traverse was along the main track to Ta-li 

Fu, in a general east-south-easterly direction. The road crosses 

the Tertiary and alluvial deposits of the plain by a raised 

causeway paved with blocks of andesite. A steep zigzagged 

ascent of the hills which bound the valley commences at 3 

miles, and in the next 2 miles attains a height of 2,000 feet above 

the plain. There are a few exposures of the bedded andesites on 

the way up, but after the road has reached the top and ou to the 

undulating plateau which is then met with, exposures are poorer. 

It is indeed doubtful if there is anything more than a few small 

isolated outliers of the older andesites just here, and the greater 

part of the neighbourhood appears to be made up of gneissose 

granite, which has weathered into low rounded hills with broad V 

shaped, branching valleys between them. 

Near Chin-tsai-tang massive andesites rest on the crystalline 

rocks, and in many of the smaller stream beds sections exhibit¬ 

ing these relationships are to be found. In the stream bed at Kan- 

lan-ssu, 2 miles beyond Chin-tsai-tang, the massive andesites wea¬ 

ther out in large spheroidal masses. After passing this place there 

is a slight rise to f>, 800 feet, when the steep descent to the Shweli 

commences. The road crosses granite and gneissose rocks but only 

very poor exposures were found. The village of Kan-lan-chui is 

reached at 13 miles (7,800 feet), and from it there is a steep 

descent to the Shweli at 13 miles, (4,200 feet). Although the road 

is paved with blocks of massive andesite it is not by any means 

certain that they extend much beyond Kan-lan-ssu. This can only 

bo settled by traverses to the north and south. 

Traverse to the south of Teng-yiieh. 

The flat Teng-yiieh plain stretches south for 7 miles, but expo¬ 

sures of rock arc to be obtained in the low foot hills, especially 

on the east side. In a stream bed II miles to the east of Ta- 

tong for example, dark granular andesites of the massive group 

outcrop. After the route leaves the plain there is an easy ascent 

of 1,000 feet up to the top of the divide, which has an elevation 

of 7,000 feet, thence, there is a long descent to a narrow, alluvial- 

filled valley which contains the villages of Shang-chia-chai and 

Mong-lien. The bare hill sides over which the road has crossed are 

completely grass-covorod and there are no good outcrops, but it 
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is probable that the greater part of this area is made up of granite 

and gneissose rocks. Near Mong-lien however there is a small outlier 

of decomposed andesites, lying on the surface of the granite, but 

it only continues for a few hundred yards. After leaving this 

little valley the road commences to ascend a ridge along which 

it winds and undulates. The whole of the neighbourhood is 

clothed in primeval forest and occasional glimpses are obtained 

through the trees across the Shweli. Descending the other side of 

the ridge, there are no exposures up to within a few hundred 

yards of Chang-kang, where decomposed andesitic lavas are found. 

From the character of the outlines of the hills and the nature and 

colour of the soil, it is evident that gneissose rocks make up the 

whole of the surrounding country, and here as elsewhere form the 

foundation over which the later rocks have been poured. 

The road now winds along the crest of the ridge overlooking 

the Shweli in a general south-south-easterly direction. Near the 

village of Man-chi, 30 miles from TAng-yiieh, (elevation 4,800 

feet), there is a large outlier of massive andesite of a tachylitic 

appearance and black colour. Greyish-white, massive andesites 

also occur here, and further to the south in the vicinity of Man 

Lu. Descending to the Shweli the road runs through pjne forest, 

the path being edged with rows of gigantic cactus. In the allu¬ 

vium and detritus filling the valley of the river, large rounded 

boulders of gneiss and mica schist were seen, and similar rocks were 

found in the stream bed itself. Beyond the Shweli no further 

outcrops of eruptive rocks were discovered, the country as far as 

the town of Lung-ling being made up of crystallines. 

Eruptive rocks to the east and south-east of Teng-yueh. 

Leaving the city by the west gate and following the Ho-shuen- 

shan road, the T£ng-yiieh stream is crossed near the waterfall, 

where the strike of the granite which underlies the massive lava 

exposed here, is north-east, south-west. After recrossing the stream 

again in the lower valley, the junction of the She-toe-shan lavas 

with the granite is well exhibited, thence the road continues on 

to the older bedded andesites, good exposures of which can be 

obtained. This rock forms the high bluff to the north-east of the 

village of Hsiao-hoti Ho, and it is also characterised by the 

bright Indian red soil into which it weathers down on the hill 
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sides. Below Hsiao-hoti Ho the stream enters a narrow rock-valley 

full of rapids and small falls, made up of the outcrops of lava 

beds of the massive variety. Good sections can be obtained in 

this narrow gorge, and in places there appears to be a well marked 

columnar structure developed. Higher up there is a flat expanse 

which continues across to the other stream coming down from 

the Mien-chien direction. Beyond this point the older, ash-grey 

andesites continue to outcrop at intervals as far as Je-shui-tang, 

just to the north of which the Teng-yiieh stream leaves its narrow 

rock-bound valley, and joins the Mien-chin one. Looking up¬ 

wards from this point the more recent flows of She-toe-shau are 

very well seen. 

Late Tertiary Lacustrine Deposits. 

True lake deposits usually made up of loosely cemented beds 

of gravel and pebbles, silts, sandy shales and sand-rock are found 

throughout the whole province of Yunnan, and their actual for¬ 

mation has in a few places been prolonged down to the present 

day, for some of the plains still contain lakes which arc very 

evidently the last remnants of more extensive sheets of water. 

The deposits arc always the result of the denudation of the sur¬ 

rounding formations, and arc generally chosen as the sites of the 

walled cities of the province, as the soil formed from them is 

very fertile. Concerning them Lantenois has well remarked,— 

“ Presque toujours bien arrosees et, partant bieu cultiv6es elles pre- 

8entent un aspect de richcsse, un air riaut qui contraste avec 

l’ariditd et la pauvretd des montagues voisines. Le colmatage 

dcs lacs anciens, commence a l'epoquc tertiaire, se poursuit sous 

nosyeux; les lacs d’aujour-d’hui lie sont visibleracnt que le vestige 

de ceux d’autrefois, qui furent plus profonds et plus nombreux.,,1 

Similar deposits arc well known in the Northern Shan States 

and in Tongking. The former have been described by La Touche 

and Simpson, as silts and soft sand-rock, pebble and boulder beds, 

and seams of brown, lignitic coal, found in detached areas occu¬ 

pying the present river valleys. Shells of fresh water gas¬ 

tropoda have been found in these deposits,' which are of such a 

1 H. Lantcnoin, “ ltmultat* do la minion geolugiquo ot mintero du Yunnan Meri¬ 
dional,” Annalrs des Alines, (10), XI, 1007, p. MO. 
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type as to indicate an extremely late Tertiary or perhaps even 

Pleistocene age.1 

Zeiller, from a study of plant remains collected in the lacustrine 

basin of Yen-bay (Red River Valley, Tong-king,) regards the 

strata as Mio-plioccne in age.2 Loczy found freshwater limestones 

in the north of Yunnan which he thought were of Pliocene age, 

and Leclerc considered the deposits of the C’bu-shuing Fu plain 

in Central Yunnan to be of Tertiary age.3 Mansuy found a Pal- 

udina, showing a marked resemblance to the Paludim (Tyloloma), 

occurring at Ycn-bav, Tongking, in lignite bearing shales of the 

Tertiary basin of Mi-la-ti near Alongtzu, Yunnan; and Plannrbis> 

Paludina and liithynia were discovered by the same geologist in 

the lacustrine beds of Pou-tchao-pa near A-mi Chou, Yunnan.4 

In a greyish fine-grained silt which forms part of the old lake 

deposits of the Yung-ping Hsicn plain, I have collected numerous 

crushed remains of a small gastropod, probably referable to the genus 

Bithpiia, and in the stratified deposits above the present level 

of the K’un-vang lake near Kun-yang Chou, I have noticed abundant 

remains of a Margarya, a genus which is one of the commonest 

molluscs in the living fauna of the present lake. These occurrences 

are noted here because no fossils have been found in the lake 

deposits which are described below, but as they arc in every other 

way identical, we arc forced to the conclusion that at no very 

remote period, practically all the valleys of Yunnan were occupied 

by lakes, some of which still exist, whereas others arc only known by 

the series of sediments accumulated in them. 

The Lacustrine deposits of Kan-ngai, Nan-tien and other plains. 

The Kan-ngai plain, (Lat. 24° 47': Long. 98° 8', height above sea 

level 2,900 feet), extends on both sides of the Ta-piug from 7 or 8 

miles above its junction with the Nam-ti down to where the river 

enters the gorge below Man-hsicn, a total length of about 38 miles 

1 T. 1). La Touclio anrl R. R. Simpaon. “ Tho Lashio Coal Field ’* Record* GW. 
Surv. lnd.t Vol. XXXIJl, Pt. 2. 

R. R. Simpson, “Tho Namma*Man8ang, anil Mannelo Coal-Fields;**: Ib>dt p. 
125. 

* Zoillor, Conip^B geolop[ique international, Paris 1900 ; pp. 168 and 498-561. 
1 liecl/re 44 fitudo g^olngiqu® ot minidro dw Frovincoa chinoi*e» voininen du Tonkin/* 

Annales des mines, (9) XX. 1901, p. 323. 
4 Mansuy in Lantonoia* paper, loc- cit, p. 469. 
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running approximately from south-west to north-east. The whole of 

this area was once filled with lacustrine deposits, which are now 

best observed in the high terraces through which the river 

has cut its way just below the Hu-lu-ko gorge, and which are 

the remains of a once more extensive covering. These are about 

70 feet in height and are composed largely of soft sand-rock and 

rubble. Throughout the greater part of the valley there is much 

recent fluvio-lacustrine material consisting of the rcassortod and 

redistributed sands and gravels, of which the higher terraces are 

formed: removed by the denuding action of the river. 

The Nan-tien plain, (Lat. 24° 49': Long. 98° 22', height above 

sea level 3,600 feet), extends for somo 15 miles down the Nam-ti 

and exhibits the formation of the terraces in a better manner than 

the Kan-ngai ono (PI. 14). 

Looking to the south-west from near Je-shui-tang at the head 

of the valley, a well marked terrace is seen rising to a height of 

80 or 90 feet approximately, and further to the south there is 

a corresponding one on the other side of the river. These are 

composed of the usual kinds of materials, and their sides are 

much weathered into small gullies. As the road to the south¬ 

west is traversed both terraces are seen to maintain their approxi¬ 

mate height, while the level of the paddy plain, which represents 

those parts of the lake deposits removed by the river, keeps a 

more or less uniform width. Below Nan-tien the terrace on the 

northern side meets the spurs of tho hills which here close in to¬ 

wards Hu-lu-ko, and consequently dies out, but there are still 

small outlying fragments of it to be seen further south, specially 

from the high ground above the Hu-lu-ko gorge. The southern 

terrace maintains its well marked character, and as the valley 

drops it appears to become more elevated, so that a few miles 

below Nan-tien it is twice as high above the river as it is at 

J£-shui-tang. Around Sc-tau, however, it is much broken and 

denuded though the isolated pieces still maintain the same general 

height. Recent landslips about here have exposed yellowish and 

white sandy beds and sand-rock, with lignitifcrous shales in places, 

but the best sections are exposed one to two miles to the north¬ 

east of Nan-tien town, where numerous side streams have excavated 

deep valleys with preciptious sidos in the terrace. These sections 

show beds of sand loosely held together, pebble beds which being 

slightly cemented have the appearance of conglomerates, yellowish 
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and bluish clays with bands of carbonaceous shale containing 

fragments of lignite. 

These and other detached basins not only in Yiinnan but in 

the Northern Shan States of Burma, must have formed an assem¬ 

blage of lakes when the land stood at a relatively lower level 

than at present. Some of the existing broad valleys were either 

completely filled up with lacustrine and fluvio-lacustrine deposits, 

or earth movements took place which resulted in their drainage 

before this was accomplished. The rivers, or at any rate those on 

the Chinese side of the frontier are now engaged in excavating their 

beds in the old deposits. 

The Lo-po-ssu-chuan valley is also filled with similar deposits, 

which near Lai-fu consist of sandy beds and layers of bluish clay, 
thin bands of carbonaceous lignite-bearing shales also occur, but 

the material is of no economic importance. 

Similar strata are found in the Mong-wan valley which forms a 

small Chinese Shan State, (Lat. 24°, Long. 97° 59', Height above 

sea level 3,100 feet), called Lung-ch’uan by the Chinese, and Mowun 

by the Burmese. It is situated on the Nam-wun, a tributary of the 

right bank of the' Shweli. The plain itself is about 20 miles long, 

6 miles wide at the south-west end, and 1 mile at the. north-east 

end. The whole of this, however, is not filled with lacustrine deposits 

as is so often the case, for low grassy spurs from the hills around 

occupy much of the flatter ground, especially at the south-west end. 

To the north of Mdng-wan lie the twin States of Ho-hsa, and 

La-hsa, (Lat. 24° 27': Long. 97° 50', Height above sea level 4,500 

feet), and here again the same phenomenon is visible. Both States lie 

in the valley of the Nam-hsa, which running down from the hills to the 

north-cast forms a plain 14 or 15 miles long, and from 1J to 2 miles 

broad, narrowing however at each end. The eastern half of the 

valley is occupied by Ho-hsa and the western half by La-hsa. 

The lacustrine deposits are characterised by an usual development 

of bluish clays and thin subordinate sandy beds. John Anderson 

who visited the valley in 1868, noted that if the present exit of 

the Nam-hsa, where it breaks through to join the Ta-ping was 

closed, the whole valley would be submerged several feet, and he 

was not far from the truth when he wrote,—“ The study of 

these clayey beds forcibly suggested the conclusion that they had 

been deposited in still water, and it is probable that the valley 

was a lake or swamp prior to the time the Narasa found an exit 
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for itself through the hills to the west, or one of sufficient capa¬ 

city to admit of th,e free drainage of this mountain basin.”1 

The lacustrine deposits of the T6ng-yiieh valley contain abun¬ 

dant beds of peat, which is black, somewhat compressed and with 

the remains of thin roots and stalks of plants preserved in it. 

Under the alluvial soil and loam, thin layers of yellowish-grey 

clay are usually found underlain by lighter sandy beds, made 

up almost entirely of small, clear quartz grains with a few milky 

grains of felspar. Under the sandy beds the peat comes in. little 

can be added to Anderson’s expressive description of the deposits, 

which is therefore reproduced here. “ Below the soil, which is 

about one foot in thickness, there is a reddish ochreous earth of 

very light weight and of about 8 inches deep, resting on a bed of 

black peat, about 4 feet thick in some places, and overlying a 

light coloured consistent clay of considerable depth, filled with 

little water-worn particles of white quartz. The clay is largely 

used in the manufacture of bricks. The probability is that the 

Momieu valley, through some disturbance in its level immediately 

after the formation of the lowest bed, was converted into a shallow 

marsh; then followed another change in its level, indicated by 

the reddish ochreous earth, and the valley was once more con¬ 

verted into a lake. There can be no doubt that the Taho has 

itself done much in altering the character of the valley, for it is 

impossible to look at its narrow exit, and at the aspect of the 

hills between which it flows at that spot, without the conclusion 

forcibly suggesting itself that the river has done a gigantic 

work in the way of cutting a passage for itself between them, and 

that their configuration is in great part to be attributed to its 

eroding action. A careful examination of the glen below the 

fall reveals the fact that the river is slowly but gradually 

bringing the waterfall more and more to the east. Standing to 

east, of the low conical hills which close in the valley at this 

point, the theory suggests itself that the valley must at one time 

have been a deep lake, with a depth corresponding to the conical 

hilla, and that its waters, draining out as a small stream into the 

valley below, Blowly deepened their channel every year, reducing 

the level of the lake until at last it ceased to exist, and the 
% 

Taho, that had fed it, flowed through it, and began to disintegrate 

the slope to the Hawshucnshan valley, and to form a waterfall when 

1 J Anderson, loc. Ctf., p. 83. 
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it came in contact with the mass of basalt that forms the Momien 

plateau. The slow wearing away of the hills at the exit of the 

lake could have in no way affected the nature of the deposits, 

the differences in which can only be accounted for by the changes 

in tfre relative levels of the valley. The bank at the base of the 

hills, which slope gradually to the level flat of the valley, seems 

to favour the foregoing view of its history.’*1 

Although Anderson may not have got the fluctuations to which 

the lake level was subjected during the later days of its existence, 

in their true chronological order, the main outstanding points in 

its history as here given are correct in the light of later evidence 

which has been collected since his day. 

Hot Springs. 

Any account of the geology of the T^ng-yiieh district would 

be incomplete without some reference to the numerous hot springs 

found in it, which are supposed to represent the last manifestations 

of the vulcanicity which has been so intense in Tertiary and, perhaps, 

later times. Hot Springs occur at:— 

(1) Hai-tang near Ying-pan-kai, T’icn-t’aung Kuan district, 

where boiling water issues in two places, the first just below the 

spur on which the village is built, and the second 400 or 500 

yards towards the west. In the case of the latter, the water 

bubbles up from many openings over a space of 20 or 30 square 

yards. The water is heavily charged with salts and each small 

opening forms a tiny craterlet for itself: judging from the numerous 

small dry ones in the immediate neighbourhood, the springs 

must shift their positions from time to time. 

(2) Hai-lung-tang, 4 miles to the south-south-west of T6ng- 

yiieh. There is a copious discharge of boiling water from a single 

large craterlet at this place into a basin which the spring has 

formed for itself by the deposition of siliceous sinter. Jets of steam 

and other hot gases arc given off from numerous openings round about, 

and the evolved heat is great enough to prevent the near approach 

of barefooted men. A distinct vibration of the earth is also notice¬ 

able. Some of the gas vents deposit small quantities of native 

sulphur which at one time was collected by the local Chinese for 

the manufacture of gunpowder. The waters are said to be 

* J. AndiTflou, loc cit.t pp. 01-92, 
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possessed of curative properties and are led away in rock channels 

to baths, which are the resort of numerous patients afflicted with 

skin diseases. 

(3) JS-shui-tang. Here the hot water issues in two distinct 

places, approximately 400 yards to the east of the village. The 

one to the north is the larger and gives out sufficient fluid to form a 

small stream, the stones in which are coated with deposited salts. 

The other opening appears to deposit more solid matter and has 

built up a small crater wall over which the hot water trickles. 

Both places betray their exact position by the evolved steam they 

give off. It is interesting to note that although the water is scald¬ 

ing hot a few yards from the orifices, the stones in it are covered 

with masses of a bright green alga which appears to flourish even 

at this high temperature. 

(4) Sanda. I have not visited these springs, but they have been 

described by Anderson who says that they occur in the centre of 

the level flat of the bay-like vale close to the town. The flow of 

water is not very great, and it bubbles up through round holes 

in a black micaceous sand. The same traveller also crossed a 

hot stream between Muangla (Nan-tien) and Sanda, but did not find 

the source of the heated water.1 

EXPLANATION OF PLATES. 

Plat* 6.—Panorama. The Tong-yiioh valley from the west. 

Plate 7.—Panorama. The Ho shuon-shan valley from the cast. 

Plate 8.—Two typical craters of the Kung-po group. 

Plate ft.—Tay-in-slianfrom the north. 

Plate 1ft.—Sho-too-slum from Pagoda Hill. 

Plate 11.—Tay-in-shan and aesociated hills from the south. 

Plate 12.—Tho Kung-po group of cratorlots looking south from Yao-Wu-fJhan. 

Plate 13.—Tho Waterfall, Teng-yuoh. 

Plate 14.—Lato Tertiary Torraces. Nan-ticn Plain. 

Ditto. ditto. (near viow.) 

Plate 15.—One of tho Kung-po Volcanoes. 

Typical alluvial plain of Kan-ngai Valley. 

The Hu-lu-ko Gorge separating tho Chinese Shan States of 

Kan-ngai and Nan-tion. 

Plate 16.—Map illustrating tho Geology of the country between Bhamo 

and T6ng-yiieh. Scale 1*=4 miles. 

Plate 17.—Map illustrating the former course of the Irrawaddy before the 

formation of tho second and third defiles. Scale l'=*16 miles. 

1 J. Anderson, loc. cit., p. 82. 

D 
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Contributions to the Geology of the Province of 
Yunnan in Western China. (II). Petrology of the 
Volcanic Rocks of the Teng-yueh District. By 
R. C. Burton, B.Sc., F.G.S., Assistant Superintendent, 
Geological Survey of India. (With Plates 18 to 20.) 

The volcanic rocks of the Ttng-ytteb area have been divided 
by Mr. Coggin Brown1 into three groups which will be described in 
order:— 

Newer Lavas. 

1. Basalt lavas of Tay-in-shan, Ho-shuen-shan and the Kungpo 
group of volcanic vents. 

Older Lavas. 

2. Massive Andesite group. 
3. Bedded Andesite group. 

Very little is known about the field relationships of these lavas, 
and of the separate flows composing each group, but it may be 
stated that the andesites are older than the basalts, and that the 

rocks of the third group are the first products of the eruptions. 

1. Basalt Lavas of Tay-in-shan, etc. 

These are the latest volcanic rocks erupted in the district from 
the.various late Tertiary cones described by Mr. Coggin Brown. 
Similar rocks have been partly described by Loczy and Koch.2 

They are vesicular black rocks passing in some cases into a 
reddish pumice which floats on water; on a fractured surface they 
have a glistening slaggy appearance. The vesicles are numerous 
and are never filled with secondary minerals, testifying to the late 
Tertiary age of the group, for even the Tertiary lavas of the Ice¬ 
landic Province have their vesicles filled in with secondary minerals. 

1J. Coggin Brown 44 The Bhomo-Teng-yih h area” Rcc. Qeol. Surv. I»d„ V<>1. XLIII, 
pp. 173-206. All the rockn now described were coUcofod by Mr. J. Coggin Brown during 
journeys mentioned in the paper quoted. 

* In Graf Bela Srcchenyi 'b Reiac in Ostaeicn, Vol. HI, p 370. 
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The texture varies from place to place, and even in the same 

rock specimen a passage may be traced between a scoriaceous lava 

with bubble holes, to a compact black rock with few vesicles to 

be seen. 

21-691; 9690. Lava from Kang-che-chow. S.G.=2*5l.1 

Fine grained black basalt, slightly vesicular and containing pheno- 

crysts of glassy felspar, brown pyroxene and yellowish olivine. The 

porphyritic felspars are quite fresh and undecomposed but strongly 

corroded by the groundmass; they arc sometimes free from in¬ 

clusions, but often contain a zone of glassy matter and magnetite, 

surrounded by a narrow area of later felspar material. (Plate 18, fig. 1.) 

The augitc is of a light brown colour, non-pleochroic and much 

fractured, many of the crystals arc corroded and some show a 

kind of schiller structure. 

The olivine occurs sparingly in large crystals which are quite 

fresh and show good pinacoidal cleavages. 

The groundmass contains but little clearly visible residual glass' 

it is in 'great part obscured by fine magnetite dust, which prevents 

a close examination being made. The felspar laths are chiefly 

andesine and labradoritc ; ligLt brown augite grains and magnetite 

are numerous, but do not require further description. A distinct 

flow structure is seen in the parallel orientation of the felspar 

laths. Some of the vesicles contain partly devitrified glass in the 

centre, with felspar mieroliths radiating from the walls into the glassy 

matter, and the interspaces between them are filled with a light 

brown glass. 

The chief characteristics of these rocks are the strong zoning 

of the felspars, and the large number of yellowish glass inclusions 

they contain. A few glomero-porphyritic aggregates of felspar 

and augite occur but these are more characteristic of the andesites 

to be described below. 

The percentage of silica in most of the rocks appears to be high. 

Rock No. 21-691 on analysis yielded 53-30 per cent. Si02—much 

more than the average basalt contains, but high acidity seems 

to be a characteristic of the T£ng-yueh lavas. 

1 AH HiK'itifie gravities were determined on band specimens. 21 *691, eta., arj re. 
giflter numbers in rook register. 0S90 etc., are register numbers in microscopo 
slide register of the Geological Survey of India. 

n 2 
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21*164; 9682. Older Pumice Flow, Ho-shuen-shan. 

This rock is worthy of special description. It is a real pumice 

coated on the surface with ferric oxide probably due to super¬ 

ficial decomposition. It is full of vesicles and floats ih water. 

Scattered groups of augite and felspar occur, the latter being 

usually filled, or strongly zoned, with glass. The ordinary glass 

of the groundmass is a reddish colour but patches of colourless 

glass containing magnetite dust are included in it. The olivine 

crystals are fairly fresh, but usually corroded round the edges. 

The large yellowish green augites are fractured and filled with 

haematite. Radiating structures typical of basalts are frequently 

met with: several felspar laths develop from a centre round which 

augite has collected, filling in the spaces between the crystals, 

and the growth of these two constituents has been practically 

simultaneous. 

9686. Ho-shuen-shan. 

A basalt lava from the middle of the slope of the Ho-shuen- 

shan cone contains some interesting felspars. In two or three cases 

the felspar has been corroded by the magma and is now circular, 

surrounded by a kind of reaction rim composed of yellowish needles 

of augite which radiate from the outside edge. This is finally 

surrounded by the groundmass which is nearly opaque, due to 

magnetite dust. The needles of the rim arc difficult to deter¬ 

mine, but judging from their extinction angles and double refrac¬ 

tion colours they seem to be augite, probably formed by a reaction 

between the felspars and the glass of the groundmass. J. F. 

Kemp in his paper on the gabbros of Lake Champlain1 mentions 

reaction-rims occurring between felspars and olivine, hornblende, 

etc., but no mention is made of a rim similar to the above. 

It is interesting to compare these rocks with others of similar 

age. T. D. La Touche2 has described a Tertiary basalt from 

the Northern Shan States, and compares it with the lava from 

Ho-shuen-shan, described by Loczy, which has been seen to 

be similar to the lavas of Tay-in-shan and the Kung-po vents. 

He concludes that there is a great resemblance, except that 

the Chinese rocks contain a glassy base while that from Loi 

Han Hun, being a dyke rock, is devoid of glass. On examining 

1 Bull. Oeol. 8oc., America, Vol. V. (1804), p. 218. 
• Bee. Oeol. 8wv.t India, Vol. XXXVI (1907), p. 40. 
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La Touche’s slide, I found it to show a closer resemblance to some 
of the light-coloured olivine basalts of the massive andesite group, 

than to the black basalts of the last stage of eruptions. It seems 
probable ‘ that these Shan rocks are of the same age as the T6ng- 
yiieh series which are of late Tertiary age. Loczy was of the 

opinion that the basalt lavas were erupted during the diluvial 
period. 

2. The Massive Andesites. 

These rocks are an earlier, more acidic series of lavas than 
the basalts forming the vents of Ho-shuen-shan, Tay-in-shan, 
and the Kung-po group. The vents from which they were erup¬ 

ted arc not definitely known, though Loczy seems to have assumed 
that they came from the same source as the basalts, but no de¬ 

finite evidence was obtained proving this; in addition, Mr. Coggin 
Brown has found them entirely dissociated from the latter and is 

of the opinion that the vents from which they issued are 
now hidden from view. 

They may be divided into the following types:— 

(1) augite andesite, sometimes amygdaloidal. 
(2) olivine-augite andesite. 
(3) olivine basalt (light-coloured). 

(4) enstatite-augite andesite (pyroxene andesite). 
(5) andesite glasses. 

(6) amphibole andesite, in some cases containing nepheline. 

26161 ; 9671. from Kan-lan-ssO. S.G.=2*68. 

This rock is a spherulitic augite andesite of a fresh appearance 

in the hand specimen, dark-grey in colour with 
Aufife Andes te. a few g]a8Sy felspars in a microcrystalline base ; 

a few vesicular cavities occur which have not been filled with 

secondary minerals, pointing to the fairly recent age of the rock. 

Under the microscope it is fine-grained and of a brownish 
appearance owing to the distribution of a partly devitrified, dull 
brown glass, which occurs in spherulitic aggregates and is also 
distributed between the felspar laths; the groundmass is hyalopilitic 
and the ordinary glass is colourless. The porphyritic felspars are for 

the most part labradorite and are quite fresh ; they are frequently 

fractured and sometimes bent round to form a re-entrant angle 

of 130° ; in such cases the strain is accompanied by intrusion of a 
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light yellow, devitrified glass traversing the crystal at right angles 
to its longer axis; and the extinction of such felspar crystals is 

wavy. 
The augite phenocrysts are of a light brown colour, irregular 

in shape with a ragged edge due to magmatic corrosion; they are 

in some cases surrounded by brown spherulitic glass. They are 
often fractured like the felspars aud contain brown spherulitic 
glassy inclusions, which are separated from the augite material by 
a dark border containing magnetite. This brown glass1 some¬ 

times encloses within it a layer of pure white glass, the whole 
having an amygdaloidal structure. Magnetite is common in the 
groundmass as irregular grains. 

26-160; 9673. Stream near Jk-shui-tang. S.G.=268. 

This rock is in general texture similar to La Touche’s basalt 
from Loi Han Hun, but is more acidic, containing a larger pro¬ 

portion of felspar and magnetite and less augite. It is a dark- 
bluish rock with small felspar laths set in a finely crystalline 
base. Under the microscope it is seen to be an andesite, with 
but little glassy base: in fact the ground mass is so*much obs¬ 

cured by magnetite and opacite that the certain detection of a 
glassy base is impossible. The peculiarity of the rock as compared 

with the others is that all the felspars approximate to the same 

size, and the large felspars usually present in the andesite arc 
absent, it has more the appearance of a dyke rock than of a lava. 
By far the most important constituent is the felspar which occurs 

in lath-shaped crystals of andesine and labradorite. They are 
much corroded by the groundmass and contain a line of black or 
yellowish granular inclusions which follow the outline of the crystal a 

short distance away ; these inclusions probably consisted originally 
of glass from which the magnetite has now separated. Other in¬ 

clusions consist of a yellowish substance, which is pleochroic and 
gives colours of the second order; it is probably interstitial glass 
devitrified into augite and felspars, the latter having crystallized 

out in continuity with the containing crystal. Magnetite is common, 
giving a dark colour to the groundmass, but it rarely occurs in 

crystals. The felspar laths show a well developed flow structure. 

1 This glass resembles in *omo respect* the so-called palagonilo of the Rajmahal 
Traps. Soe C. S. MiddJemiss Rcc. Gcal. 8urv. India, Vol. XX1J, p. 220. 
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The augite occurs as small, light-brown irregular grains between 
the felspar laths, but is a much less important constituent of 
the rock than the latter. Some interesting examples of elementary 

crystallisation also occur. Long non-terminate rods of augite, and colour¬ 
less rods of felspars have begun to crystallize from a yellowish 
glass, causing a concentration of the magnetite grains at their 
ends. A small amount of olivine is present (PI. 18, fig. 2). 

9681. Stream beyond Ta-wang-mao. 

In this group must also be placed an interesting rock from a 

stream beyond Ta-wang-miao (Plate 18, fig. 3). It is an augite 
andesite containing chlorite, which plays the part of a glassy base. 

The rock lias a greenish mottled appearance with white spots 
due to kaoliniscd felspars, which arc chiefly labradorite; they are 

much corroded by the groundmass so that the original crystal 

outlines have disappeared ; they contain inclusions of magnetite, 
chlorite and small augites. These inclusions frequently arrange them¬ 
selves along the albite lamellae and the whole crystal presents an 

appearance of schillerisation. No colourless glass inclusions occur 
in the felspars. The augite phcnocrysts are light brown in colour, 
their outlines are tolerably well preserved and basal sections are 

fairly common. One good example of a twin on the plane 
(100) occurs. The peculiar shape of the crystal is due to the 
lengthening of the prism faces and the consequent shortening of 

the pinacoids. The augite phcnocrysts sometimes show re-entrant 
angles due to corrosion, and contain inclusions of plagioclase,— 
this fact together with the occurrence of glomcro-porphyritic aggre¬ 

gates of augite and felspar proves that these two minerals crys¬ 

tallized out at approximately the same time. 
True glassy base does not occur in the rock and its place seems 

to be taken by chlorite. The groundmass consists of yellowish 

brown augite grains of a somewhat darker colour than the pheno- 
crysts, felspar laths, magnetite and chlorite. The magnetite is 
comparatively rare and occurs in scattered crystals rather than as 
small grains as in the other andesites. The augite grains are 

sometimes enclosed in the chlorite and their borders are quite 
sharp, so that it would seem probable that a decomposition from 

augite into chlorite has taken place. The chlorite occurs in 

exactly the same manner as groundmass glass in an ordinary 

andesite, filling up the spaces between the crystals and occurring 
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as large round amygdules ; it is slightly pleochroic, and gives blue 
double refraction colours ; it is apparently composed of a large 

number of small spherulitic grains each of which shows a black 
cross between crossed nicols ; it encloses rounded grains of sphene and 
chalcedony; the latter seems to be the last product of alteration, 
the sphene is also a product of alteration of the original glass since 
it does not occur as inclusions in the other constituents of the 
slide. 

The olivine bearing rocks in the massive andesite group have 

, ..... been divided into olivine-augite andesites and 
Ollvloe-auglte andesites. ... . lA .. .. . , . 

olivine basalts. The division ib largely a 

matter of convenience, as the subdivisions pass into each other and 

no strict line can be drawn separating them. Their chief dis¬ 
tinctions are as follows :— 

The olivine andesites contain less magnetite, less augite and more 
felspar and generally less olivine; and the occurrence of large 
porphyritic crystals typically developed in andesites is well seen; 

moreover, the typically developed ground mass of the andesites is 
hyalopilitic. 

The olivine basalts of the group are much lighter coloured than 
those of group I, owing to the smaller content of magnetite; most 
of them would be classified in the field as andesites, but a closer 

inspection under the microscope leads to their classification as 
basalts, owing to the evenness of texture and the large content of 

olivine. Both series contain about 54 per cent, silica but high silica 
percentage is a characteristic of all the rocks of this province. 

26*162; 9670. Below Commissioners House, Tkng-yueh. 
S.G.=2-48. 

Light-grey scoriaceous lava crowded with small bubble holes. 
A few black porphyritic crystals of augite are visible. Under the 
microscope it is seen to contain phenocrysts of labradorite and 
andesine much corroded by the groundmass, with smaller pheno¬ 
crysts of brown augite and olivine. The felspars contain inclu¬ 
sions of magnetite, zircon and yellow glass and show zoning and 

albite twinning to a large extent; they occur in glomero- 

porphyritic growths with the augite, which is generally schillerised 

and much fractured. The olivine crystals are small and corroded by 
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the groundmass, they often show a red border which has been 

attributed to weathering, and by some authors to magmatic 

resorption taking place while the eruption of the lava was in 
progress. In some cases the secondary mineral developed from 

the olivine is lamellar and similar to iddingsite. The ground- 

mass contains a larg6 amount of yellowish white glass, felspar laths, 
yellowish augite grains and magnetite, with an approach to hyalo- 

pilitic structure typical of the andesites. The rock contains 54*3% 

8iOr 

21*689; 9688. i mile south of the British Consulate, T6ng- 

yu eh. 

This is another rock of the same type; it is a light-grey, strong, 
pumicious lava with many, irregular, ramifying bubble holes. The 

felspar phenocrysts and aggregates are worthy of mention. 

They are frequently very large and strongly zoned containing 
inclusions of yellowish glass and augite; the former occur parti¬ 

cularly around and near the edges of the crystal where they form 

a network : some of the crystals are so corroded and penetrated 
by the groundmass that a portion of the crystal is isolated though 

optically continuous with the rest of the felspar. Large aggregates 

of six or seven crystals of felspar occur, their arrangement is 
quite irregular and they contain many inclusions. Several crystals 

seem to have commenced to form at the same time and in this 
way have grown together, enclosed a little augite and impeded 

each other’8 gTowth, so that where several crystals meet, no 
crystallographic edge is developed. The effect is best seen between 

crossed nicols. The conditions influencing the formation of these 
felspar aggregates or segregations are difficult to imagine, they are 

generally developed in plutonic rocks and in dykes, and their for¬ 
mation is probably associated in some way with pressure. 

The olivines show better rims containing red iron oxide than 

the last example, and in some cases a third rim of secondary 
olivine is developed round the extreme edge of the crystal. Better 

examples of this structure are met with in an olivine basalt from 
the road south of the waterfall at Teng-Yiieh, a description of 

which is found below. Some of the olivines have assumed a 

most peculiar form owing to corrosion; one crystal was shaped 

like a double anchor. 
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26158; 9674. 1 mile below Mono-lien. 8.G.=2*625. 

Light-grev rock with small pyroxene and felspar and larger 

olivine crystals in a fine crystalline base. The 

coloured'. baia,t8 Ught olivine is the only mineral in the slide form¬ 
ing large porphyritic crystals; most sections 

are parallel to the prism axis but some basal section* show 
good pinacoidal cleavages. It is light-yellow in colour with a red 
border due to weathering but shows no evidence of decomposition 

into serpentine. The main body of the rock is composed of a 
felted mass of oligoclasc and andesine laths with probably some 

labradorite, often showing a tendency to radiate structure with 
small, [brown augite and olivine crystals between them; magnetite 

occurs only in a small quantity. There is a very small amount of 
glass in the rock which on account of the large amount of olivine 
present is placed with the olivine basalts. Its silica percentage 

is rather high, (54 93 %), and the proportion of felspar laths to 
augite grains is also high for a basalt, but on account of the 
absence of large porphyritic felspars characteristic of the andesites 

of this area and the fact that the high percentage of the silica 
may be attributed to the relative rarity of magnetite, the rock 

must be classified as a light-coloured olivine basalt. 
Other similar rocks occur containing vesicles and long rod-like 

crystals of magnetite. 

9687. South of waterfall, Tkng-yueh. 

This is one of the most interesting rocks of the district. It 
is a light-coloured rock with phenocrysts of plagioclase and olivine 

and a groundmass composed of felspar laths, augite grains in great 

numbers, and magnetite. 
The felspars are sometimes quite large and curved owing to strain, 

contain inclusions of glass, magnetite and augite; they are quite 

fresh but often corroded. In some cases a felspathic segregation 
has taken place and aggregates of seven or eight crystals have 
grown together enclosing augite and impeding each other’s develop¬ 
ment; these are chiefly labradorite and andesine. The groundmass 

is composed of many light-brown augite grains, felspar laths, with 

magnetite in small amounts and olivine. Glass is absent. The 
chief characteristic is the occurrence of incomplete felspars with 

indented edges like a fern, these being filled up with augite. The 
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magnetite has crystallised out in rods and fern-like forms, and 
is evenly distributed throughout the rock. These properties are 

characteristic of many true basalt dykes. The chief interest of the 
rock lies in the abundance of olivine phenocrysts with resorption 
rims surrounded by an additional rim of secondary olivine. (PI. 19, 

fig. 1.) The olivine crystals are corroded much more than the felspar, 
the groundmass having penetrated to the centres of the crystals. 
They show good pinacoidal cleavage and extinction is generally 

about 5° from straight. The majority of the crystals are composed 

of three zones:— 

1. A large internal area often clear and undecomposcd, and 
traversed by fracture and cleavage cracks, sometimes slightly 

yellowish or greenish and containing inclusions of the groundmass and 

magnetite. 

2. This is surrounded by a dark-red, nearly opaque zone con¬ 
taining a large amount of ferric oxide, and extinguishes at a slightly 

larger angle than the central area ; on the inside edge there are 
rays and irregular patches of a light-yellow colour proceeding into 

olivine; they presumably contain much less iron oxide. 

3. Finally, in contact with the groundmass of the rock we have 
a very narrow rim of a light-yellow substance which is optically 
continuous with the internal area and gives the same double re¬ 

fraction colours as olivine, it was proved to be secondary olivine ; 
this determination was confirmed by gradually closing the diaphragm 

and comparing the surfaces of the two crystals; the refractive 
indices were found to be the same. It may be mentioned that 

many of the cracks affecting the olivine are not continued into the 
external rim of secondary olivine and that the other zones follow 
the indentations of the original olivine crystal. The red zone 
coloured by ferric oxide fills the whole crystal and since it follows 

the irregular shape of the olivine due to the corrosion of the magma, 

it must be later than this. It is interesting to note that 

although the resorption rim generally occurs where the olivine 
comes in contact with a felspar crystal, yet the external rim of 
secondary olivine is absent at the point of contact with the felspar, 

although present on the other edge of the crystal (see Plate 19, fig. 1 

at “ a ”). It is therefore not a reaction rim, but due to a later 

withdrawal of olivine from the material of the groundmass while 

still in a viscous state. This also proves that the resorption rim 

is of much earlier formation. It was probably formed while the olivine 
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crystals which were formed under plutonic conditions, were floating 
in the magma, and may be due to reduction of pressure as sug¬ 

gested by Washington for the rims on hornblende and biotite in 
andesites.1 

It was after this period that the felspar crystal was pressed 

into contact with the olivine and thus prevented the formation 
of the rim of secondary olivine on the outside, i.e.t the resolution 

rim is probably due to reduction in pressure on eruption, whereas 
the secondary olivine rim is due to deposition of a second genera¬ 
tion of olivine from the magma, a part of which formed small 
crystals in the groundmass. 

This rock is very similar to that from a point half a mile south 
of the British Consulate at T£ng-yiieh, and may be the same, thus 
illustrating the difficulty of separating these olivine-bearing rocks 

into andesites and basalts. 

26*155; 9695. Head of the divtdk above Hai-kou lake, Teng- 

yueh. S.G.=2'4G. 

Ampbibolc Andesites. 

This is a light grey rock with glassy felspars, biotite and horn¬ 

blende in a finely crystalline base. The 
texture of the groundmass is hyalopilitic, the 

felspar microliths being very small and associated with a little 
magnetite and glass which occurs in rounded patches. Crystals 

of apatite are common, a small amount of nephelinc also occurs 
in the groundmass but hornblende seems to be absent. 

Felspars are the dominating porphyritic constituent, they are 

chiefly andesine and labradorite with oligoclase. They are quite un¬ 
decomposed but are invaded bv ramifying offshoots of clear 
colourless glass and also zoned with glass; the inclusions consist of 

magnetite and glass. In some cases corrosion has produced a 
step-like structure on the terminal planes of the felspar. Pericline 
twins are sometimes seen. 

The ferromagnesian constituents are chiefly biotite, hornblende 
and a small amount of enstatite with augite. The mica and 

hornblende are both very much altered, the whole crystal is 

1 H. S. Wnahington “ Magmatic alteration of Hornblende and Biotite.” 
Geo!., Vol. IV H89fl), p. 257. 

Journ. 
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frequently obscured by a mass of opaque matter consisting of magne¬ 
tite and augite. The hornblende is a light-greenish-brown colour, 
slightly pleochroic and in the majority of cases has been corroded, 
and is irregular in shape with a resorption border. The biotite 

is dark brown and strongly pleochroic. The dark resorption bands 
(Pi. 18, fig. 4) are irregular in width, and under high powers are seen 
to consist of radiating prisms of augite, partly obscured by an irre¬ 
gular mass of magnetite grains; short rays of this resorbed border 
material penetrate from the hornblende into the groundmass, with 

glass or nearly amorphous felspar matter filling in the interspaces. 
In most instances the hornblende or biotite with the resorption 
rim retains its shape, but cases occur where corrosion has gone 

on to a large extent and formed re-entrant angles admitting the 
groundmass. 

These rims are supposed to be due to the instability of biotite 
and hornblende under conditions of high temperature and reduced 

pressure.1 
The crystals have originally been formed from the magma 

under plutonic conditions but as it was gradually rising in . the 

earth’s crust preparatory to eruption,—the temperature being 
maintained high and the pressure reduced,—the complex molecules 
of hornblende and biotite broke down into augite and magnetite 

with sometimes a little felspar. This is no doubt true to a great 
extent, but as pointed out, evidence of magmatic corrosion exists, 
so that the magma must have had some chemical action on the 

crystals of hornblende and biotite. In many cases the whole 
crystal is obscured by magnetite to such an extent that it seems 
impossible for it all to have come from the conversion of hornblende 

into augite and magnetite; some of it has probably been absorb¬ 
ed from the groundmass, just as during the corrosion of a felspar, 

magnetite is frequently deposited. The reaction does not seem to be 
so simple as has been imagined and further investigation is necessary ; 
microchemical tests with hydrochloric acid are of value in remov¬ 
ing a large amount of magnetite and exposing the minerals of the 
rim to greater advantage. 

Resorption rims occur in other specimens of the nepheline- 

bearing amphibole andesites. Washington was of the opinion that 
the resorption rims depended on the texture of the rock and 

were rare in fine-grained rocks owing to the rapid cooling ; but 

1 H- S. Washington, loe. *#., p. 267. 
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this explanation does not apply to the rocks from Yunnan, since 

out of several rocks with the same texture and general appearance, 
some have resorption rims and others not. The percentage of 

silica in this rock is 66*86 %. 

26*152; 9677. Top of the Shweli-Trng-ydeh divide. S.G.=2*47. 

A somewhat similar rock with sufficient differences to warrant a 
separate description overlies the crystalline rocks of the Shweli-T£ng- 

ytieh divide. It is a bluish-grey massive rock with a few porphyritic 
crystals of biotite, araphibolc and glassy felspars in a finely crystalline 
base. Round the edges the rock is decomposing into a light-grey 
mass. Under the microscope the porphyritic constituents prove to be 

felspar, hornblende, biotite, enstatite, augite and nepheline. The felspars 
are oligoclase with andcsine and labradorite and are much frac¬ 

tured. strained and corroded, as described in some of the other 
rocks. A characteristic of this rock as of others from this area, 
is the occurrence of a large number of cases in which two crystals 
of plagioclase have grown together in such a way that the traces 
of the planes (010) are at right angles, thus producing knee-shaped 

aggregates with a small amount of glass included along the junction 
of the two crystals. There are also several examples of knee¬ 

shaped twins of felspar, in which Carlsbad. Baveno, and albitc types 
of twinning are found in the same combination; this will be dis¬ 
cussed later. Glomcro-porphyritic growths of felspar and pvToxcne 
occur in this slide. The hornblende is a dark brown variety with 

a pleochroism of ordinary hornblende and not the alkali variety; 
it contains inclusions of colourless glass and magnetite and 

has no resorption borders. This is remarkable since a very simi¬ 
lar rock, No. 26*155, shows many examples. Biotite is not very 
common but occurs in dark brown sections which are nearly 
opaque when the light vibrates parallel to the vertical axis; 

sections parallel to the basal cleavage arc rare. The groundmass 
is hyalopilitic, containing felspar laths, mostly oligoclase, with 
biotite, a small amount of pyroxene, and a considerable quantity of 
colourless glass. The felspar microlites form a well marked flow 

structure round the porphyritic crystals. This rock is also interest¬ 
ing from the occurrence in it of nepheline ; one large hexagonal 
crystal, quite fresh and unaltered was observed, and smaller ones 

were detected on treating the slide with hydrochloric acid and 

colouring with methylene blue; the nepheline in the groundmass is 
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the squarish or irregular forms and is rather rare, but is sufficient, 
I think, to place the rock in the alkali series. (PI. 19, Fig. 2.) 

Erstatite is found in long, light-brown, prismatic sections with 
characteristic sea-gTeen and reddish-brown pleochroiam, its extinc¬ 

tion is never quite straight, angles of five degrees being common. 

Enstatite is next in importance to hornblende as a porphyritic 

constituent; augite occurs rarely in brown longitudinal sections. 
The rock is therefore a nepheline-bearing enstatite amphibole 
andesite. 

The most characteristic twin of this group with the above types 

of twinning in one combination is represented 

c-ssjrtss: .2in pi-19>*«■3-Tt con8i^ ? ?art8 - 
•Ibite twinning. x, y, n and m ; x and y are Carlsbad twins, CR 

being the trace of the twin plane; n and m 
are twinned in the same way along PQ. In each of these four parts 
albitc twinning can be detected, the lamellae being parallel to 

IB and KB respectively. These lines are therefore the traces 
of (010) the composition plane of the albite twin. The above 
parts of the combination arc found to extinguish at different angles 

between crossed nicols; the angles are as follows:— 

X 

y 
mnasiircxi from AN. 

n 

m 

.14° 

21° 

meaHurtMl from AD. 

The sections are thus cut obliquely and not perpendicular 

to (010) and there is no apparent relationship between the ex¬ 
tinction angles of the different parts ; different parts of the same 
individual extinguish at different angles according to the part of 

the crystal which is considered ; the above angles were all measur¬ 
ed on parts of the crystal nearest the line AB. Angular measure¬ 
ments were made to determine whether AB is the trace of (010). 
ZDAB=138° (42°) and Z NAD =94°. From the measurements 

given in Dana’s System of Mineralogy we find that (010)/\ (021) 
=43° 33' which, within the limits of error, is equal to ZDAB. 

AB is thus the trace of the Baveno twin plane (021), and we 

have associated in one combination the Carlsbad, Baveno and albite 
types of twinning. The trace of the twin plane (021) is irregular 
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as shown and has a slightly yellowish appearance due to the 
inclusion of a small amount of glass along it. 

The second example is shown in Fig. 4. The parts of the 
crystal which we must consider separately are a, x, and y. They 
all show traces of albite lamellae and one prominent lamella ZB 

can be seen projecting beyond the edge DN. If we first consider 
x and y as one individual, we see that “a” is twinned with 

them on the Carlsbad plan along AB, but x and y are twinned 
along YZ, which in this case is a quite regular and well defined 
line. As before the edge XY is the trace of (010), being parallel 
to the albite lamellae. The extinction angles measured in an 
anticlockwise direction from AB arc y=22°, x=42°, and a=54°. 

Now Z XYZ=140° (40°) and ZXYM=90°, but XY is (010), and 
(010) /\(021)=--43° 33', so that YZ is the trace of the dome (021), 
and x and y are twinned on the plane (021) ; we thus have the 

same three types of twinning occurring together. It will be noticed 

that the crystals arc all well zoned ; the lines of inclusions in 
Plate 19, fig. 2, follow the outline of the crystal, turning in a new 
direction at right angles when they reach YZ. 

The above-mentioned felspars are labradorite and the explana¬ 
tion given by the twinning is put forward with a considerable 
amount of hesitation because of the fact that the crystals are only 

seen under the microscope, and, in addition the sections are not 
perpendicular to (010) but are cut obliquely. The usual Baveno 
twin gives a square section but there seems to be no reason why 

the elongated forms represented in the above figures should not 

be possible. Whether the explanation is the correct one or not, 
the peculiar grouping of the several parts of the felspar crystals 
is worth recording. 

20156; 9676. Quarry below Man La. 

This rock is similar to the preceding containing biotite and 

hornblende with resorption rims and rather more nepheline, dis¬ 
tributed in longitudinal and irregular sections in the groundmass 
(PI. 20, fig. 1). The sections are fairly large of about equal size with 
the medium-sized felspars; the nepheline is undecomposed but 

often cracked and the centre is frequently worn away in grinding. 
It sometimes contains a few gas and opaque inclusions but is 

generally quite clear. No perfectly hexagonal sections are seen 

but prismatic and basal cleavages are well developed. Most of this 



Part 3.] Burton: Volcanic Rocks of Ting-y&eh District. 221 

groundmass nepheline was stained with fuchsine-red and when tested 
gave a uniaxial figure in convergent light. 

Many of the felspars are quite glassy and devoid of albite 
twinning, with the appearance of sanidine, but on testing sections 
parallel to (010), the extinction angles are all too large for sanidine. 
The rock is very fine-grained like the preceding. 

In some cases it is doubtful whether to place a particular rock 
with the pyroxene andesites or with the amphibole andesites, since 

the proportion of the enstatite and amphibole vary considerably. 
Intermediate types occur similar to the Tocks named pearlites 
by Iddings.1 

Pyroxene andesites are not so numerous among the massive ande- 
„ ... sites as in the bedded group: rocks of this 
Pyroxene Andesites. . . " , ye. , 

type seem to occur sparingly and often show a 
transition to the amphibole andesites. 

9683. Two miles below Hai-kou. 

This is a fine-grained, stony rock with enstatite as the pre¬ 
dominating pyroxene ; this mineral occurs in small, porphyritic crystals 

which are light-brown in colour and contain many inclusions 
of glass, magnetite, and gas bubbles. A crossed twin of enstatite 
was seen to have a rim of granular mineral round it, which was 
optically continuous with it and gave the same double refraction 

colours; it is apparently a rim of granular enstatite, whether it 
is secondary or not is difficult to determine. The felspars 
are the largest and most important porphyritic constituents; they 

are quite fresh and strongly zoned with glass and magnetite. 
The groundma8s is glassy containing indeterminable, colourless 
microlites, frequently in radiating groups, with small specks of 
magnetite attached to them and colourless glass in the interspaces. 
Other constituents are light-brown augitc grains and felspar laths, 
both of which occur in fairly large quantities. The augite is 
slightly darker in colour than the enstatite, and occurs rather 
as a constituent of the groundmass than as porphyritic crystals. 

The rock is thus probably a devitrified glass of the composition 
of enstatite andesite. 

1 Jddingfl, Monogr. V. S. Qcol. Surv., XX, p. 368. 

B 
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26 153; 9685 Quarry below waterfall on Ho-shubn-shan. 

Mottled, greyish-white, partly decomposed rock showing a few 
glassy felspars and biotite flakes; the groundmass is stony and 

clouded due to decomposition. 

Under the microscope the groundmass is seen to be composed 
of white and greyish glass distributed in patches with short longi¬ 
tudinal sections of biotite, felspar laths and small magnetite grains. 
No flow structure is visible. The mica in the groundmass is fre¬ 

quently very irregular in shape with ragged edges and is strongly 
pleochroic. Long crystals of apatite occur with a well developed 
basal cleavage and containing inclusions of magnetite. The slide 
is opaque in parts owing to decomposition into an earthy grey 
amorphous substance. The felspars give small extinction angles 
and seem to be mostly oligoclase. Zoning and re-entrant angles 

due to corrosion are conspicuous in the larger felspars; two or 
three crystals have sometimes grown together and as a result of 

corrosion a very irregular outline has been produced ; after the 
work of corrosion was complete zoning action commenced, and as a 
result a most irregular band of glass and magnetite now follows 
the outline of the crystal within a short distance. The interior 

of the felspars is ramified with strings of colourless glass. The 
larger felspars arc mostly oligoclase and albite with a few andesincs. 
The other porphvritic constituents arc biotite, enstatite and augitc; 

the enstatite is found in the usual light-brown, pleochroic, longi¬ 
tudinal sections and is more numerous than the other ferro-mag- 

nesian constituents. The augite is light-green in colour and con¬ 
tains inclusions chiefly of magnetite and glass; hornblende occurs 
but is not an important constituent. The rock is a pyroxene 
andesite containing biotite, and is an intermediate type between 
the pyroxene andesites and the mica-hornblende andesites. 

26 163; 9675. Just outside Man-chin. S.G.=2*62. 

This is a black compact rock with a dull glossy lustre, which 

on a freshly fractured surface has a speckled 
The andesite glasses. t r 

sheen, due to the occurrence of numerous 
minute crystals of felspar arranged in flow lines. It contains a 
few porphyritic felspar and yellow pyroxene crystals, arranged 

in flow lines which weather out and leave hollow spaces; a 

few secondary grains of quartz arc also visible. The whole rock 
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is remarkably fresh and the only change which affected it, is 
a slight amount of devitrification. It contains 61*66% 8iOr Under 
the microscope it is dark coloured, the groundmass consists of a 
network of felspar microlites curving round the phenocrysts in 
flow lines; magnetite grains collect at the end of the microlites, 
which are in a very elementary state ot crystallisation, and the 
rest of the groundmass is a clear glass. Pyroxene occurs in sections 
parallel to the prism axis, exhibiting the pleochroism of enstatite, with 
a straight extinction. The crystals are light brown in colour and 

contain inclusions of glass, magnetite and liquid inclusions with a 
bubble. The enstatite sometimes occurs in aggregates of several 
small crystals round a larger one. Augite is found in stout crystals, 
some of which are nearly round, of a slightly darker colour than 
the rhombic pyroxene; they are easily distinguished by cleavage, 
and double refraction colours. Twins of augite are fairly common; 
felspar phenocrysts are rare, and consist of andesine and labradorite, 

all have ragged edges owing to magmatic corrosion ; one quite fresh 
crystal of felspar shows a series of star-pointed rays of glass and 
magnetite grains, directed from the edge of the crystal into the felspar 

material with fresh felspar between them. Under high powers the 
section parallel to the surface of the flow show alternating light and 

dark bands more or less parallel to the longer axes of the pheno¬ 
crysts; a similar structure has been described in a tachylyte from 
the north of England.1 

The dark bands are slightly coarser in texture than the lighter 
bands, and owe their colour to the abundance of an irregularly dis¬ 

tributed opaque substance. 

26*157 ; 9680. Village of Hsiang-shui-kou. S.G.==2*43. 

Dark grey mottled rock with a few felspar phenocrysts in a glassy 
ba se, which shows a well developed flow structure ; the concentric layers 

of glass in each spherule stand out conspicuously owing to the 
weathering away of material round the edges; the average size 
of the spherules is about one mm. Under the microscope the per- 
litic structure is beautifully shown (PI. 20, Fig. 2), and a greenish decom¬ 

position product is developed at the junctions of the individuals 
of glass. On closer examination the groundmass is seen to be com¬ 
posed of a colourless glassy base with radiating felspar microlites 

1 Mina M. K. Healop and B. C. Burton. “ 
Gcol. Mag., Feb. 1912. 

The Tachylyte of the Cleveland Dyke.” 

K 2 
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and magnetite grains, which are chiefly developed in or near the 
microlites, being much rarer in the colourless glass. The porphyritic 
crystals consist of felspar, augite and enstatite, the latter being the 
dominating pyroxene. Glomero-porphyritic aggregates of felspar 

and pyroxene occur, in which the pyroxene is usually curved and 
fractured PI. (20, fig. 3). The felspars arc quite fresh and consist 

mostly of labradorito often greatly corroded by a yellowish brown 
glass, developed particularly between the albite lamellae; the in¬ 
clusions consist of long prismatic negative crystals, apatite, gas in¬ 

clusions and magnetite. The enstatite is light-brown in colour and 
shows good pinacoidal cleavage, while the augite is light-green to 
brown, contains many inclusions, is non-pleochroic, and occurs in 
rounded sections. The rock is a pyroxene andesite glass with per- 

litic structure, and contains 65*96% 8iOr 

3. Bedded Andesites. 
The rocks of this group are probably the oldest volcanic rocks 

dealt with in this paper. They are bedded rocks with an ashy 
appearance. The planes of separation are sometimes one inch apart, 

but vary considerably. In some outcrops they are distinctly folded 
and contorted by pressure, but whether there was a great difference 
in time between their eruption and that of the massive andesites, 
is rather doubtful from the field evidence. Judging from their com¬ 

parative freshness under the microscope the difference is small and 

the rocks are most probably Tertiary. They are chiefly fine-grained 
pyroxene andesites of a rather acid type. 

26*159; 9679. Hsiano-shuj-kou, Tnc-yueh District. S.G.= 
2*43. 

This rock consisted of numerous kaolinised felspars in a slaty- 
grey groundmass with conchoidal fracture and showing no crystalline 
structure. Under the microscope the porphyritic felspars are 

large and comparatively fresh, often occurring in strongly zoned groups 
of two or three. Some crystals are filled with yellowish glass, 
which has first proceeded along the cleavages and twin lamellae, 
and then by a series of cracks has cut right through the section so 
that only a small amount of felspathic matter is visible. Inclu¬ 

sions of magnetite are common. The felspars are chiefly andesine, 

and occur in glomero-porphyritic aggregates with enstatite and augite 

(PI. 20, fig. 4). Some of these groups are traversed by cracks along 
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which a yellow glass has intruded into their midst. This glass has 
now devitrified and forms a series of fibres, parallel or perpendi¬ 

cular to the fissure along which it has intruded. The augite is 
light-brown, slightly pleochroic, and often fractured; it contains in¬ 

clusions of magnetite and glass. Rhombic pyroxene is slightly 
commoner than the augite, sometimes has the appearance of schil- 

Icrisation, is often invaded by glass and curved by pressure (PI. 20, 
fig. 3) and has frequently crystallised with felspar. Magnetite crystals 
are not common. The groundmass is nearly opaque and of a dirty- 

brown colour; under high powers the brown substance is resolved 
into patches of opacitc and innumerable small magnetite grains with 

a few sections of apatite; the groundmass is mainly glassy, but in 

a few cases skeleton augites and microlitcs of felspar can be detected. 
No amphibole occurs in this rock, which is therefore a glassy pyro¬ 
xene andesite. 

21*693 ; 9692. 100 yards N. E. of Hsiao-hoti-ho. 

Bluish bedded rock with a thin covering of red iron oxide and 
dendritic markings on the division planes. In a section parallel 

to the bedding we see porphvritic crystals of plagioclase, augite 
and enstatite— sometimes intergrown. As in most of the other 
rocks the plagioclase is ramified by glass inclusions, the enstatite 

is more plentiful and lighter-coloured than the augite. The ground- 
mass is dark-coloured and is divided into alternate light and dark 
bands, which show a conspicuous flow structure as they curve round 

the porphyritic crystals; flow structure is also evident from the 
trend of the elementary magnetite crystals. The rest of the ground- 

mass is colourless glass with a few bclonites and magnetite grains 

developed. 

The rock is a glassy pyroxene andesite. 

21*696; 9694. South of Yao-wu-shan. 

This rock more nearly approaches the rocks named pearlites by 
Iddings than any of the others of this group; it contains biotite 

and hornblende in addition to the enstatite and augite. The ground- 
mass between crossed nicols is practically opaque and is crowded 

with a felted mass of elementary rod-like crystals. Magmatic cor¬ 

rosion has proceeded further than in most of the other rocks; one 

augite crystal has quite a sharp, well defined edge except at one 
point, but a large part of the centre of the crystal has been invaded 



226 Records of the Geological Survey of India. [Vol. XLII1. 

by glass which has partly decomposed into haematite obliterating 
the augite. No resorption borders are visible round the biotite and 

hornblende. At one point a crack filled with colourless glass con¬ 
taining a little magnetite completely crosses the slide, swelling out 

and enveloping a felspar crystal; it is noticeable that where the 
colourless glass corrodes a felspar crystal, a yellowish fibrous sub¬ 
stance is produced, the exact nature of which is doubtful. 

Conclusion. 

It will be interesting to trace as far as possible the order of 
eruption of the successive lava-flows in the Tflng-yiich area; as 

we have seen, the lavas of group 3 are mostly pyroxene ande¬ 
sites, containing in some cases a certain amount of hornblende; 

then followed amphibole andesites and augite andesites with light- 
coloured olivine basalts and pyroxene andesites, and lastly the series 
of black olivine basalts of Ho-shucn-shan, Tay-in-shan, and the 
Kung-po volcanoes were erupted. Tabularly arranged the order of 

eruption is as follows:— 

1. Pyroxene andesites. 

2. Hornblende andesites, augite and pyroxene andesites, with 
olivine-augite andesites and olivine basalts. 

3. Olivine basalts. 

It will be noticed that the volcanoes of the TSng-yueh district 
lie not very far from the line which joins Barren Island and Nar- 

condam with Mount Popa, in Central Burma, and Loi-han-hun 
in the Shan States, where La Touche discovered Tertiary basalts. 

This line forms the northerly continuation of the Sunda volcanic 
chain running through Java and Sumatra. The mere geographical 
alignment is supported by a petrological examination of the lavas 

from the several areas:— 

Java and Sumatra—chiefly andesites with some leucite rocks; 
Barren Island—chiefly olivine dolerites ; 
Narcondam Island—hornblende andesites with a few ashes ; 

Mount Popa—augite andesites ; 
Loi-han-hun—olivine basalts : 

Tfing-yiieh area—andesites and olivine basalts. 

In addition all the eruptions are recent or of late Tertiary age and 

the order of eruption seems to have been the same as in the 
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T6ng-yiieh area, viz.:—hornblende andesites were followed by olivine 

basalts, since the andesites of Narcondam Island are older than 

the olivine dolerites of Barren Island. 

It is therefore probable that the whole of this series of vol¬ 

canoes from the Sunda chain to TAng-yiieh is on one line of vol¬ 

canic activity. We have mentioned the occurrence of nepheline- 

bearing rocks in Yunnan; rocks of Atlantic type have not been 

previously reported from Yunnan, but Lecl&re 1 discovered a nephe- 

line syenite occurring as dykes in the Archaean of Ssuchuan. Most 

of the rocks we have described are of a pronounced Pacific type, and 

the occurrence in them of alkaline rocks may be due to one of 

two causes:— 

(1) they may indicate the occurrence of the boundary between 

the Pacific and Atlantic provinces in Yunnan ; 

(2) they may be sporadic, indicating a slight intermingling of 

Atlantic with Pacific types, as in Java. / 

The line of separation between the Pacific and Atlantic provin¬ 

ces drawn by Harkcr2 ends near the island of Sumatra; if therefore 

the classification is of value as indicating provinces based on geo¬ 

logical as well as petrological factors, we must evidently continue the 

boundary along the volcanic line from Sumatra to the Tfing-yiieh 

area; this would placo India in the Altantic province, although 

we know from a study of the late Cretaceous and Tertiary rocks 

that India is characterised by the occurrence of a vast area of sub- 

alkaline lavas—the Deccan trap. Alkaline rocks have only been 

recorded from one or two places, rtz., monchiquite and nepheline 

syenite in Kathiawar 3 and tingauite near Sarnu in Rajputana.4 These 

occurrences are doubtless sporadic and do not interfere with the 

contrary view that India is part of the Pacific Province which 

is supported by the fact that sub-alkaline rocks are found 

in Persia, Baluchistan and Tibet. It is thus probable that the 

complexity of the tectonic relations of the Indian Empire render 

a strict application of the principle of division of the rocks into 

two distinct provinces impossible. 

% 

1 Bull, de VAcwttmie ties Sciences, 29-1-1900 anti Annalcs dc* Mines, nor. 9, Vol. XX 
(1901), p. 302. 

1 Natural History of Igneous Rooks, p. 97. 
• J. W. Evans, Quart. Jour. Geal. 8oc., Vol. LVII (1901). 
4 T. D. LaTouoho, Mem., CM. Surv., Ind., Vol. XXXV, p. 90. 
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EXPLANATION OF PLATES. 

Plate 18.—Figure 1. 

» 

2. 

3. 

„ 4. 

Plate 19.—Figure 1. 
„ 2. 
•• 3. 

Plate 20.—Figure 1. 
2. 

•» 3* 

„ 4. 

Newer basalt lava. X 19. 

Augito andesite with olivine. X 19. 

Augito andesite with chlorite. X 19. 

Amphibole andesite showing hornblonde. X 19. 

Olivino basalt (light coloured). X 32. 

Amphibole andesite witli nepholine. x 19. 

Felspar in amphibole andesite. x 64. 

Felspar showing Carlsbad and other twinning. x 04. 

Amphibole andesite with nephelino. x 19. 

Andesite glass with porlilic structure. x 32. 

Pyroxene andesite. x 32. 

Gloraoro-jKjrphyritic aggregate of felspar, etc. x 32. 
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Previous observer. 

Situation. 

The Kirana and other hills in the Jech and Rechna 

Doabs. By A. M. Heron, Assistant Superintendent. 
Geological Survey of India. (With Plates 21 and 22.) 

I. Introduction. 

1 Until my visit at the end of 1909, these isolated hills had 

not been examined by any geologist, save for 

a reconnaissance, a day’s stay only, by Dr. 

Fleming in 1852. 

The account given in the “ Manual of the Geology of India” 

(p. 72) is taken from his description.1 

The hiUs rise from the level and, but for recent irrigation, arid 

expanse of the Punjab alluvium in four sepa¬ 

rate groups at Kirana (31° 58', 72° 45'), 

Chiniofc (31° 43', 73° 2'), Sangla (31° 43', 73° 25') and Shahkot 

(31° 34', 73° 32'). 

The first mentioned is between the Jhelum and the Chenab 

rivers (the Jech or Chaj Doab), the Chenab flows through the 

second group and the third and fourtli lie between the Chenab and 

the Ravi (the Rechna Doab). 

They thus extend in a direction from north-west to south-east 

over some sixty miles. 

Of these, the Kirana Hills arc by far the most important; there 

is a diminution in the extent and the height of the outcrops as 

we pass to the south-east. 

Though only forty miles distant from the Salt Range, the rocks 

are totally different from any occurring there 

and approximate in character more to those 

of the Aravalli Hills, the nearest point of which is 260 miles to 

the south-east. 

Apart from the isolation of their situation and the steepness 

with which they rise from the alluvium, they present a remarkable 

appearance in their bareness of vegetation and the sharpness of their 

peaks. Though the hill masses are elongated in the direction of 

the strike, they are lines of shattered, serrate summits rather than 

ridges. 

Another feature, specially noticeable in the Kirana group, is the 

blackness of the hills as seen from a short distance away. The 

1 Jour. As 8oc.t Bengal, XXII, p. 444. 

Topography. 
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Weathering. 

Klraoa Hill. 

individual rocks are not particularly dark when freshly broken, 
but all long-exposed surfaces are coated with a thin, black, shining 

film of iron oxide, drawn up in aqueous solution through interstices 
by the sun's heat, and which the scanty rainfall is inefficaceous 

in removing. This gives a great similarity in appearance to the 

exposures, aided by the close and splintery jointing of all the beds, 
resulting in a uniformly rugged and irregular aspect in which differ¬ 
ences of stratification tend to be obscured. 

Below the hard crust the rocks are rotten and break easily 
under the hammer into earthy and friable 
fragments. They are copiously impregnated 

with haematite. 
In spite of the high inclinations at which the strata lie, no signs 

of schistosity were seen, even the slates are barely cleaved. 

The metamorphism has been chemical and not dynamic; it 
has been caused by chemical rearrangements among the minerals 

of the rocks more than by heat and pressure developed in folding. 
The highest summit is that of Kirana, which gives its name to 

the group, ],CG2feet above sea-level, or 1,050 feet 
above the level of the plain. The top of the hill 

is the site of a tomb and a large settlement of sadkus and is a popular 

place of pilgrimage, its distinguishing peculiarity being that every 
visitor is presented with something to eat. 

Sangla is identified with the Sangala visited by Alexander the Great. 
The expanse of brick ruins is a marked 

contrast to the modern town, a busy market 
centre of a thriving canal colony, suggesting the mushroom cities 
of the Far West more than the slowly moving East. 

II. Description—Kirana Hills. 
These comprise a large number of very irrregularly shaped 

rock masses, mostly elongated in a direction 

N.W.-S. E., coinciding with the strike. Dr. 
Fleming gives the strike as. N.E.-S. W., but this is so only 
in the north-east arm of Kirana Hill, which, with part of Chinel- 
wala Hill, would appear to be the vestige of one limb of an anti¬ 

cline, the other limb including the remainder of the hills in this 

group. 
Dips are high and variable in amount, ranging from 40° to verti¬ 

cally, and, with the exceptions just indicated, 

are to the south-west. Sections are clear, but 

Saogli. 

Strike. 

Dip. 
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Shales and alates. 

Quartzites. 

owing to the separation of the hills from one another by spaces 
of alluvium, are partial and discontinuous. Throughout the hills 
the predominant rocks are hardened shales or slates and rather 
argillaceous quartzites, coarse and fine. 

The shales occur chiefly north-east, and the quartzites south¬ 
west, of a line passing midway through the 
hills; the two zones are not sharply differ¬ 

entiated, but are still broadly separable. 

As a whole the rocks are thin-bedded and, as one passes 
across the strike, are seen to vary constantly almost every yard. 

The shales (23*9, 23-15 ; 7564, 7570) are usually green or grey, 
much impregnated with ferruginous matter along the bedding and the 
numerous joints. 

The quartzites are harsh in texture, and grey, purplish or reddish 
in colour. They also bear much iron disse¬ 
minated, and segregated near cracks. (23*13, 

23-21; 7568, 7576.) 

From the angularity of the constituent grains and absence of 
bedding in some of the types which resemble 
quartzites in hand specimens, it is highly 

probable that some of them arc altered tuffs. This is particularly 
so in Ghawala Hill. (23 6, 23 11, 23*33-4; 7561, 7566, 7588-9.) 

Besides shales and quartzites there is a great development 
of thin beds of igneous rock, both acid and 
basic. In the field these, particularly the acid 

types, are with difficulty distinguishable from the quartzites, and even 
under the microscope the structure can only now and then be made 
out amid the copious secondary products into which the constituent 
minerals have weathered. 

Discontinuity of outcrops and steepness of dip prevent individual 
beds from being followed far along the strike or dip, but there is 
every reason to believe that the acid rocks are effusive; In the 
case of the basic bands, two instances of inferred intrusion were 
seen, but in general the basic bands also lie in parallelism with the 
rocks above and below. On the accompanying map I have indicated the 
occurrences of basic rooks and also some of the more distinct beds of 
rhyolites and tuffs. There are probably many more (rhyolites and 
tuffs) unmapped, as I often found it impossible to distinguish 
between ordinary quartzites, tuffs and acid eruptives without preparing 

Tutf«. 

Igneous rock*. 
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and examining a large number of microscope sections pari passu 

with my field work. This 1 had not the opportunity of doing at the 

time. 

The basic rocks arc usually green or reddish brown, taking their 

colour from chlorite or hsematite, whichever 
as c foeoas roc s. pre(jomj,)ates, an(j they vary greatly in their 

texture. (23 7, 23*8, 23 10, 23 12, 23 16, 23 18, 23 28; 7562, 7563, 

7565, 7567, 7571, 7573, 7583.) 

Under the microscope the original structure is often difficult to 

decipher, but in certain sections the outlines of plagioclasc felspars 

and irregular plates of augitc can be seen, the latter sometimes 

enclosing the felspars ophitically. The felspars have been replaced 

by a tine mosaic of scaly quartz, muscovite and kaolin, the augitc 

by chlorite, hematite and kaolin. Large crystals of leucoxene after 

ilmenite are present and magnetite in small grains. Calcite seems to 

have been largely removed and re-deposited in cracks and vesicles. 

Some of the specimens contain large crystals of quartz, pre¬ 

sumably original phcnocrysts. From the above considerations it is 

probable that these highly altered rocks represent basalts or andesites, 

dolerites and quartz dolcritcs. 

The sedimentary rocks vary from coarse grits to clay-slates. 

4 4 The grains are of quartz and magnetite im- 
Mlcroscoplc structure . •„ , x 

of toffs, etc. bedded in an argillaceous and lerruginous 

matrix. 

In those which I consider to be tuffs, the grains are angular, 

in the normal aqueous rocks they arc well rounded and the matrix 

is greater in amount than in the former. In one slide fragments 

of devitrified glass occur (7589). Tuffs and ordinary quartzites 

are not usually separable in the field. A curious point in 

connection with the tuffs is the number of small and very 

irregularly shaped cavities they contain, either empty, lined with 

haematite or filled with chalcedony. They doubtless represent 

the location of some mineral constituent which has been removed 

in solution. 

The acid effusives (23-17, 23-22, 23-23, 23-27; 7572, 7577, 

7578, 7582) are classifiable as rhyolites. The 
A d fiieoas roc ». phcnoCry8ts are quartz and orthoclase, irre¬ 

gular and sub-angular in outline, the latter much kaolinised, and 

flooculent, brown, slightly pleochroic scales which are probably 
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the remains of biotitc. Green chlorite of similar origin also . occurs. 

The cryptocrystalline base is usually vesicular and yellow in colour. 

Certain of the bands are devoid of phcnocrysts, obsidian (23-14; 

7509) and traces of spherulitic structure were seen. 

Chiniot Hills. 

These consist of a narrow broken ridge running west-north-west 

(the direction of the strike) across the course, of the Chenab, which 

flows through the hills in a couple of picturesque gaps. They 

appear pale grey, red-mottled quartzites, alternating coarse and fine 

on the north side and slaty on the south, dipping at 40°-60° north- 

north-east. Under the microscope they are seen to be tuffs and 

volcanic agglomerates, consisting of angular fragments of quartz 

and devitrified glass in a dusty matrix. (23-33-4 ; 7588-9.) 

Sangla Hills. 
The Sangla Hills are composed of pale grey quartzites 

(23-30; 7591) similar to the above but finer in texture and more 

abundantly stained with red and purple ferruginous matter. They are 

thinly and regularly bedded and dip east and south-east at high 

angles, with copious and rectangular jointing. 

Sbahkot Hills. 
The rock of the Shahkot Hills is still more ferruginous, fine 

grained and argillaceous. (23-37-8). The strata dip north-east at 

somewhat irregular angles, 50°-70°, and are more cleaved and altered 

than most of the other rocks. An isoclinal anticline runs midway 

through the group. 

III. Comparison with rock-types from other areas. 
It occurred to me that in the boulder-bed of the Salt Range, 

an assemblage of widely differing rock-types, accu- 

bej a,f RanKe b0“,der undated probably in Talehir times by glacial agency, 

there might be some representatives of the rocks 

of the Kirana Hills. 

With this end in view I examined the material available in the 

collections of the Geological Survey, including a set of typical samples 

of pebbles from the boulder-bed, collected • by Middlemiss.1 The 

majority of these are in no way similar to the Kirana rocks, but in 

a few cases noted below the resemblance, though not amounting 

1 Rrc. Oral. Surv. Jnd.t XXV, pt. 1, p. 29. 
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to identity, is enough to show that some of the rocks of the boulder- 

bed were in all probability derived from the area under consider¬ 

ation. 

Boulder-bed. Kirana. 

t!" M3 

tit 
.*,7587] 

afi» ?-r>87 3 

K* 7589] 
7581) 

dcvilrificd rhyolite* with quartz and 
felspar phenocryst*. 

coaree-grained tulTs (?) 

With regard to the Malani rhyolites* and the felsitea of 

Tusham* there is a reasonable likelihood that 

volcaoet!** T'uk*m the rocke of these three widely separated areas 

are identical in age. Though my specimens 

from the Kirana Hills are much more weathered than the large 

series collected by La Touche, yet the general type is the same. 

This also appears to be the case when tested by the description 

of the Tusham felsites by McMahon. The Kirana and Tusham 

rocks agree in the presence of small amounts of biotite, rare in the 

Malani types. In their field relations the Malani rocks are associated 

with non-volcanic sediments to a much less extent than are the 

Kirana effusives (and the Tusham felsites as far as can be judged 

from the small exposure). This would seem to indicate that, passing 

to the north, tho results of volcanic artivity have diminished and 

the flows dovetail into ordinary sediments. This is confirmed by 

the vastly greater thickness of the separate sheets in the south, in 

the Malani area. At Kirana and Tusham dips are higher than 

among the irregularly and moderately undulating strata of 

Malani. 

The basic rocks of Kirana somewhat resemble the olivine 

dolerite dykes of Malani4 except that olivine 

is not recognisable in my sections. Altera¬ 

tion has proceeded so far however that this is no proof of its 

initial absence. 

UaUbI basic dykes. 

1 The first numbers rofer to ham! specimens, the second to microscope sections 
in the Geological Survey collections. 

• Stanford, Ret. Oeol Surv. Ind, X, p. 10. 
Oldham, Ret. Otol 8urr. Ind., XIX, pi. 2, p. 124. 
MoMahon, Ret. OtoL Surv. Ind., XIX. pt. 2, p. 161. 
I^Touche, Mem. Otol Surv. Ind., XXxV, pt 1. 

• MoMahon, Ret. Oeol Surv. Ind., XV U. p. 108. 
• Mem. Otol Surv. Ind., XXXV, pt 1, pp. 25, 91. 
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The quartzites and slates of Kirana bear a general family re¬ 

semblance to the Ajabgarhs of North-Eastern 

qu«rtzitc8.b 8latC8 *Dd Eajputana, but when dealing with groups of 
altered sedimentaries in such widely separated 

areas, general resemblances are of little or no value in correlation, 

and it would be rash to base a statement of identity on evidence 

so imperfect. It is, however, probable that they belong to the 

Peninsular scries rather than to the Extra Peninsular, and may be 

included in the Purana Group. 

IV. Economic Chapter. 

Irofl. 

According to Dr. Fleming 1 “ The sandstone ” (i.e. slate of Kirana 

Hill) “ is traversed by numerous veins of white 

quartz containing masses of rich hematite iron ore, 

which do not seem to have attracted at all the attention of 

the natives as a source of iron, although it can be obtained in 

considerable quantity and ought to yield from seventy to eighty 

per cent, of metal. Filling small cracks in the sandstone some 

small specimens of pyrolusite or peroxide of manganese were 

obtained.” 

During my examination I saw very few of these quartz veins 

and I am unable to agTee with Dr. Fleming’s optimistic view. 

Though the large amount of iron present as films filling cracks and 

as interstitial material is one of the most noteworthy features of the 

hills, nowhere is it present in such purity or such amount as to 

justify exploitation. Here and there slag fragments arc seen, from 

the former operations of those wandering lohars (blacksmiths) 

who tour the plains of Northern India, but in their work cheap 

imported iron has long supplanted that locally extracted from ores 

laboriously hand-picked from over considerable areas. 

Pyrrhotite has been recorded2 from Hundewali (Hoondiwala) 

Hill in masses up to one centimetre or more in 

diameter, scattered through compact grey-green 

quartzite. It is magnetic, brass-yellow in colour and contains 

neither nickel nor cobalt. There must be very little of the mineral, 

as Mr. Hayficld, who had been in charge of the North-Western 

Pyrrhotite. 

1 Jour. As. Soc. BcngXXII. p. 446. 
• Bee. Qeol. Svrv. Ind., XXXI, pt. 3, p. 174. 
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Railway ballast quarries at Hundewali for two years, informed 

me that he had seen only one piece. 

Hundewali and Sangla Hills are worked on a large scale by the 
North-Western Railway for ballast, and several 
of the others afford road metal. 

Railway ballast. 

EXPLANATION OF PLATES. 

Plate 21.—Sketch-map showing position of Kir&na, Cliiniot, Sangla and 

Shahkol. Scale \m = 10 mile*. 

Plate 22.—Geological map of (ho Kiraua Hills. Sculo 1#=1 mile. 
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The Banswal Aerolite, By J. Coggin Brown, M.Sc., 

F.G.S., Curator, Geological Survey of India. 

The object of this note is to put on record an account of the 

fall, and some petrological characters of a new Indian meteorite 

which fell in the village of Banswal, Mussoorie Sub-Division, Dehra 

Dun District. United Provinces, on the evening of January 12th, 

1913. 

Latterly it has been customary to postpone writing such 

account-8 until several new Indian falls had accumulated, and then 

to describe them all together.1 

It seems desirable however to alter this procedure, especially 

in view of the fact that duplicate specimens are ofteu exchanged 

with museums and other institutions in foreign countries, and to 

record such details as may have come to light regarding the falls 

as soon as can be arranged afterwards. 

On the 18th January 19J3, the following paragraph appeared in 

the Calcutta “ Statesman”: 

“ A correspondent notes from MussoorieOn Sunday, the 12th 

instant, at about 6 r.M. a strange phenomenon occurred when 

suddenly the whole place became a blaze of light which was almost 

blinding to the e.yes. On observers looking up for the cause 

they saw a large ball of fiery substance similar to a large cannon 

ball, travelling from north-west to south-east, throwing sparks. 

It suddenly burst with a fearful report, followed by two similar 

reports as if cannons were being fired. This was followed up 

with continual reports as if a jeu-de-joie was being fired, which 

lasted for fully ten seconds/’ 

Judging from this account it appeared certain that the pheno¬ 

mena referred to were caused by the fall of a large meteorite, 

and it was surmised that fragments might have reached the earth 

in the neighbourhood of Dehra Dun and Mussoorie. 

1 " Note* ou Homo Indian Aerolite*.” L. L. Fermor, A. H. »S. M., B.So., F.G.8. 
Huords, CM. Nurv. Ind., Vol. XXXV, pp. 70-95. 

“Notes on Indian Aerolites received since 1906.” G. de P. Cotter, B.A., 
F.G.S. Records, Oeoi. Surv. Ind., Vol. XUJ, pp. 266—277. 

F 
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An enquiry was therefore immediately instituted by the 

Ceological Survey of India, and the Superintendent of Dehra Dun 

was asked to take stejfe to ascertain if any fragments of the 

meteorite had been received from the district under his charge. 

In India it is always essential to take early action in enquiries 

of this kind, for villagers who may have witnessed the fall usually 

regard it as a supernatural manifestation, and may even build a 

shrine over the fragments, which becoming objects of public 

veneration, arc consequently lost to science. 

We are indebted to the prompt action of the Superintendent 

of Dehra Dim for the recovery of a few fragments of the meteorite, 

which were obtained by the Sub-Divisional Officer of Mnssoorie. 

The relevant features of this officers report are given below. 

On the 31st January lie received information that. Daya Ram, 

tnvkhia of Ranswal, a hamlet of Chaman Sari, had found some 

pieces of the meteorite, and had them wrapped up in a cloth 

at his house. 

The Sub-Divisional Officer started immediately for Banswul 

with the mvlhia ; cm reaching the place which is about JO} miles 

from Mussoorie. the circumstances of the fall were explained to 

him by the villager, who, after seeing the light and' hearing the 

reports which accompanied it. stepped outside the. door of his 

house, and while standing there heard something fall past his car 

and strike a rock embedded in the ground r» feet, from the hut. 

The impact caused the. fragment to break into small pieces, one 

of which struck a large wooden vessel about 2 feet high, used 

by the hill p«*ople for the trnnsj»ortation of oil and other liquids. 

I>nya Rom then brought a light and commenced to look about, 

but as it had become too dark (about 0-30 P.M.). to see the 

fragments, lie abandoned the search until next morning, when a 

mark was observed on the rock, and the small pieces of the meteor¬ 

ite were found scattered over a distance of 20 f(*.t. 

The Sub-Divisional Officer also reports that he witnessed the 

fall from a point near the Grand Central Hotel, Mussoorie, 

between G and 6-30 j\n. on Sunday, the 12th January 1913, “a 

fact not mentioned by the correspondent (in the ‘ Statesman ’), 

iB that there was a noise as of something large rushing through 

the air.” 

Further orders were circulated to the headmen of the villages 

around to make a second and more thorough investigation, but 
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without any result. Chaman Sari village consists of more than *a 

dozen liamlets at distances of about 2 miles from each other. 

The adjoining villages arc also scattered, so that it is very probable 

that fragments fell without being observed, especially as it was 

nearly dark at the time and must of the inhabitants were in their 

houses. 

The few small fragments received bv the CJeological Survey 

of India weigh only 13*77 gms. The bigger pieces average about 

1-5 gms. and most of them show a black crust. The material is 

evidently part of the outer skin of a larger body. 

The crust is of a dull black colour marked by small 

brighter patches. It is slightly scoriaceous and under a lens 

has a pitted surface; tiny cracks marked by reddish-browu 

limonitic stains can occasionally be seen. One small fragment 

of crust is pierced by a brighter irregular patch of fused nickel- 

iron. 

The interior presents a fairly coherent, bluish-grey appearance, 

speckled with small patches of lighter colour. To the nuked eve 

the ehondrilio structure is just visible, and under a lens it is seen 

that although most of the ehondnilcs have smashed with the fracture, 

others protrude in spheroidal surfaces, especially in a narrow, 

somewhat whiter zone which lies immediately behind the black 

crust. Minute sparkling points of metallic matter are visible on 

the fractured surfaces, and the larger pieces o< nickel-iron are 

marked by the rusting which they have undergone. 

Under the microscope, in ordinary light, a section presents a 

field of silicate and metallic grains in which the former consti¬ 

tuents greatly outnumber the latter. There is some ferruginous 

staining localised mainly around the borders of the metallic grains, 

but sometimes spreading to the neighbouring silicates. Chondrules 

are abundant and make up a considerable proportion of the mass; 

for the most part they are of circular or oval outline, but a 

few arc unsvmmetrical. The oval ones are the largest and their 

long diameters average about 1 *2 mm. ; their edges are sharply 

set off from the groundmass. The spherical chondrules are smaller, 

more crowded together, and not so well distinguished from the 

groundmass. On an average they are about *4 mm. in diameter. 

The chondrules are chiefly composed of enstatite and olivine, either 

singly or in combination, the former mineral filling up the larger 

ones with radiating or parallel groups of needles and fibres. 



'240 Records of the Geological Survey of India. [Vol. XLIII. 

often intergrown with one another. Porphyritic crystals of en- 

etatite also occur in them. The olivine of the chondrules occurs 

as porphyritic, anhedral masses and with well-defined prismatic 

outlines. Considerable fracturing is found in both cases. The 

fibrous enstatite may grow around and partially envelope the oli¬ 

vine prisms. One small chondrule is built up of three ray-like 

bundles of chrysolite which extinguish alternately in polarised light. 

The groundniass is made up of a confused aggregate of oli¬ 

vine and enstatite granules together with nickel-iron, and an 

opaque mineral with a bronzy lustre, presumably troilite. A 

very small amount of an opaque, black, lustreless substance also 

occurs, which may be carbonaceous matter. Well-marked por- 

phyritic crystals of olivine and enstatite are present in the ground- 

mass, the former mineral sometimes building small rounded 

clusters which appear to be a form of incipient chondritic struc¬ 

ture. The smaller grains of the metallic minerals are usually 

found either at the edges of and enclosed within the silicates, 

usually the enstatite of the chondrules, or else disposed outside, and 

close to their edges. The larger grains do not. possess this 

aiTaugement, but. appear to be deposited anywhere, though they 

are sometimes in contact with the larger olivine crystals of the 

gioundmass. Most of the granules have rounded outlines, but some 

of the larger ones are more irregular in shape. The troilite grains 

are smaller and of less frequent occurrence than those of nickel- 

iron. 

When examined under the microscrope the crust is seen to 

foim a well marked band -25 mm. thick. The outer part of 

this consists of a thin, darker, fusiou line which has a rough 

outline. It is followed by a less opaque zone in which the forms 

of chondrules can be distinguished. 

The meteorite has been added to the collection in the Geological 

Survey Museum where it bears the number 254, and brings the total 

•of recorded falls from the Indian Empire, therein represented, to 75. 
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Other known gold deposits that were not visited occur in the 

Chaungyi-chaung valley, and at the head of the Uyu near the 

military post of Hoang-pa. The deposits in the Chaungyi-chaung 

are found near the villages of Mansi, Payindaung and Mingon, 

and also in the upper portion of the river on the borders of the 

Katha district. ' These have been examined in recent years by 

several European prospectors and have been considered valueless.1 

As far as I am aware there are no gold-bearing gravels in the valleys 

of the Yu and Myittha. 

I am glad of this opportunity to express my appreciation of the 

great courtesy with which I was received by all residents in the 

Upper Chindwin, whether official or non-official. I am especially 

indebted to Mr. J. M. Wright, I.C.S., whose generous advice and 

assistance made my stay an exceptionally pleasant one. 

PHYSICAL GEOGRAPHY AND GEOLOGY. 

The rocks met with in the Upper Chindwin sub-division and in 

Singkaling Kanti State may be roughly classified as follows :— 

Recent gravel and sand banks. 

Older gravels . ? Pleistocene. 

Tertiariea. 

SchistB. ? Makwari Series. 

Serpentine. Cretaceous. 

The Older gravels. 
The older (jravels, probably of Pleistocene age, are well exposed 

along the course of the Chindwin at numerous points between 

Kindat and the northernmost limit of Singkaling Kanti State. 

They are especially well seen near Naung-san-kyin, Maungkhan, 

TazAn, Taman the and Maubin, and rest unconformably upon the 

Chindwin Tertiaries. 

Along the whole of this stretch of the river the deposit is con¬ 

stant in character, being a coarse conglomerate of well rounded 

pebbles, from two to four inches long, set in a ferruginous sandy 

matrix which forms but a small proportion of the bulk. The 

pebbles are mostly quartzites, quartz-schists and phyllites, but 

above Homalin pebbles of serpentine are sometimes found. At 

Maungkhan one pebble of an augite-bearing lava of an andesitic 

* J. M. Maolaren. Confidential Report, Gool. Surv., India. 
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nature was obtained. This when cut shewed augite phenocrysta 

frequently largely altered to serpentine, embedded in a glassy base 

containing small granular crystals of augite. 

The matrix of the Pleistocene gravels may be regarded as 

mainly derived from the breaking up of the soft Tertiary sand¬ 

stones. 

Most of the pebbles have certainly come from the upper reaches 

of the river, where ancient schiste and gneisses occur together 

with serpentine. 

The pebbles in the older gravels along the Uyu river near Kyobin 

seem to have come from the Katha district in the region drained 

by the Chaungyi-chaung, and include much decomposed igneous 

rocks probably derived from a northward extension of the Ter¬ 

tiary complex of the Wuntho district. 

The Uyu gravels, which at Teingon and Kyobin are over 150 

feet thick and completely mask the older rocks, are much finer 

in texture than those along the main river and consist of lenticles 

of gravel and sand in about equal proportions. 

Those older gravels everywhere contain gold and platinum, but 

only along the Uyu river is the occurrence worthy of any 

consideration. 

The Tertiary system. 

Rocks of Tertiary age occupy the whole of the Upper Chindwin 

sub-division, and extend from the Kabaw Valley on the west to 

the Mu Valley on the east. 

The beds lie in a broad syncline with a north and south axis, 

along the western limb of which the Chindwin river flows. Along 

the whole course of the river the prevailing dip is to the east, giving 

rise to steep escarpments on the left bank, with corresponding dip 

slopes on the right. Numerous whirlpools occur where, as between 

Masein and Kalewa, the river takes sharp bends cutting across the 

strike before resuming its southerly course. Along the western 

flank of the syncline the Tertiaries dip steeply off the complex 

of so-called Axials in Manipur State,1 while the eastern Kmb is 

known from the researches of F. Noetling2 in the Wuntho district, 

where Irrawadi sandstones dip W. off the igneous massif of the 

Maingthong Hill Tracts. 
• 

* R. I). Oldham, Mem., Orel. Hurv., Jnd., Vol. XIX, pt. 4, 1883. 
1 F. Noetling, Rec.t CM. 8urv.t Ind.t Vol. XXVII, pt. 4, 1894. 

Storey, Annual Report, Reo.t Qtol, Surv., Ind.t 1896. 

p3 
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There is no available information regarding the Chindwin syn¬ 
cline but it is certainly composed of a number of minor folds 

similar to that recorded in the Lower Chindwin area, W. of Kani, 

by E. H. Pascoe.1 

As my work necessarily confined me to the river I am unable 

to enter into a discussion of the classification of the Chindwin 

Tertiaries. Much valuable work has, however, been done in this 

region by the geologists to the Indo-Burma Petroleum Company, 

and it is to be hoped that an account of the geology may 

shortly be published. 

The Schists and Serpentine. 

The Upper Tertiaries extend northward through Singkaling 

Kanti to the village of Selon, beyond which they come to an 

abrupt end against a deeply dissected mountainous [[area occupied 

by highly metamorphosed and cleaved sediments. This junction 

where crossed along the course of the Chindwin river trends north-west 

and south-east, as indicated on the sketch map forming Plate 23. 

The river runs through a rocky gorge which was followed for 

about ten miles to Kyauk-se, where rapids prevent further 

progress. Along this stretch the schists strike north-east and south¬ 

west, and dip north-west at angles between 45° and 60°. 

It is important to note that these altered sediments lie exactly 

on the strike of the Makwari series as mapped by E. H. Pascoe 

around Sarameti.8 

The junction between the schists and the Upper Tertiaries is 

obscured by alluvium, but may be taken as marking the original 

limit of deposition in this direction. 

The only rocks met with in situ were highly cleaved phyllites 

with bands of ferruginous sandstones containing pebbles here and 

there, but never approaching a regular conglomerate. 

Of far more importance are the boulders found in the gorge 

itself and on the sand bank at Maubin. These have all un¬ 

doubtedly come down from the higher reaches of the river and 

furnish us with a little information regarding the geology of an 

entirely unknown tract. A great many large boulders of serpentine 

occur, which are similar to the intrusions described by E. H. Pascoe 

1 B. H. Pwooe, Mem , Oeoi. 8urv.t JndVol. XL, p. 1, pp. 141-145. 
* E. H. Paiooe, Rec.% OeoL Surv., Ind., Vol. XU( p. 281 (1912). 
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near Sarameti. There can, therefore, be no doubt that the belt . of 

intrusive serpentine which occurs along the inner boundary of the 

so-called Axials of the Arrakan Yoma, Manipur, and the Naga Hills, 

extends to the west of the Tertiary basin and crosses the Chindwin 

river a few miles above the Kyauk-se rapids. One boulder of the 

serpentine [26/808]1 contains rhombohedra of magnesite. 

Another rock occurring as boulders is quartz-hornblende schist, 

the hornblende being referable to the variety known as pargasite. 

A boulder of strongly foliated gneiss f26/803] seems to point to 

the existence of an Archaean area in the Hukong valley. 

[26/813] A conglomerate of well-rounded pebbles in a grey gritty 

matrix. Under the microscope it is seen to consist of fragments of 

lava and quartz-schist embedded in a matrix of quartz grains and 

decomposed ferromagnesian matter. The lava fragments are of two 

kinds, the one, a light isotropic glass impregnated with chalcedony ; 

the other, a rusty brown isotropic glass full of small spherulites. The 

Hpherulites give a black cross between crossed nicols, and are pro¬ 

bably filled with quartz and felspar ; they have a distinctly linear 

arrangement due to flow. An examination of a slide of the Makwari 

conglomerate recorded by E. If. Pascoc, shewed that it also contains 

fragments of the same isotropic glass with spherulites and in con¬ 

siderable quantity, a fact which perhaps justifies the assumption that 

the Makwari conglomerate, like the serpentine, is present in the 

upper reaches of the Chindwin river. 

The fragments included in the conglomerate are not the only 

indications of acid lavas which were obtained; two boulders, pre¬ 

sumably of the same rock, were picked up in the river below Kyauk-se. 

[26/812.] This rock is green in colour, resembling serpentine in a 

hand specimen ; it is isotropic, and appears to be a devitrified lava. 

The specific gravity is 2-876. In thin sections curious nests and 

strings of lath-shaped felspars are seen, which give a maximum 

extinction angle of 19° (measured on the long axis of the microlites). 

Many of the crystals are twinned and are probably referable to albite 

or andesine-labradorite. 

[26/804.] A reddish devitrified lava, isotropic, and strongly im¬ 

pregnated with chalcedony. Specific gravity 2*618. 

1 The nomben are those under whioh the specimen* hare boon registered in the 
rook collection* of the Geological Survey of India. 
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The occurrence of these fragments of lava is of considerable 

interest, pointing as it does to the existence of an hitherto unknown 

series of fairly acid lavas between the Naga Hills and the Hukong 

Valley. 

E. H. Pascoe fixes the age of his Makwari conglomerate as post 

—Upper Cretaceous on the ground that it contains fragments of 

serpentine, and if this be so, these acid lavas must be at least aB 

old as the Upper Cretaceous. Beyond that there are no means of 

fixing their age. 

MODE OF OCCURRENCE AND ORIGIN OF THE GOLD. 

In both the Pleistocene terrace gravels and in the recent river 

deposits, the gold occurs in thin laminae and scales roughly square* 

or oval in outline, the largest pieces met with being only about one- 

tenth of an inch in length, but the flakes were in the majority of 

cases only half this size. A considerable proportion of the gold 

occurs in fine specks, and “ float ” gold is always present. Under 

the microscope the flakes arc strougly pitted and frequently quite 

ragged in outline. In no case was anything approaching a nugget 

found, and no quartz or other vein matter was ever seen attached to 

the gold. It may therefore be assumed that the source of the 

gold is nowhere near the present site of the gravels. 

Platinum has been detected in almost every locality but in very 

small amount; its mode of occurrence is the same as that of the 

gold. Together with the platinum occur other rarer members of 

the group such as osrairidium. 

The bulk of the heavy residue is composed of magnetite, but 

zircons and garnets arc also common. 

J. M. Maclaren1 gave it as his opinion that the auriferous gravels 

of the Chindwin “together with their contained gold, are derived 

from the Miocene sandstones and conglomerates through which the 

river runs, and there is, therefore, no likelihood of richer deposits 

being found higher up the river.5* With regard to the deposits 
in the Uyu river he remarks “ There can be little doubt, from 

the position of the Kyobin gravels that their gold has been derived 

from the Chaungyi-chaung rather than from the Uyu river. The 

1 J M. Maolanm, oy. cit., pp. 9, 11. 
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Chaungyi gold, again, is itself probably derived from veins in 

Tertiary igneous rocks towards the head of the stream.’} 

With the above statements 1 am in general agreement. Such gold 

as is present in the recent river gravels, is amply accounted for 

by the gold occurring in the older gravels now being cut into by 

the Chindwin river. The origin of the gold in the older gravels 

themselves is a more difficult question upon which it is useless 

to speculate, while the geology of the northern frontier of Burma 

remains unknown. 

The question of the origin of the platinum, which is closely 

bound up with that of the gold, is one that presents serious 

difficulties. In almost every case in which platinum has been 

traced to its parent rock it has been found to occur in chromite 

segregations, associated with serpentines.1 As we have seen, a 

belt of serpentine does extend from the Andamans, more or less 

continuously, through the Arrakan Yoma, Manipur, the Naga Hills 

and the upper part of the Chindwin drainage. In the Andamans 

chromite is associated with this serpentine2 and I found small pockets 

of chromite in the serpentines near the village of Sibong in Manipur.3 

It is not impossible, therefore, that somewhere to the north there 

may be workable deposits of chromite associated with serpentine 

intrusions, and that such chromite deposits may prove to be the 

source of the platinum and platinoid metals occurring in the older 

gravels of the Upper Chindwin. 

RESULTS OF THE ASSAYS. 

The assays were all carried out by Mr. A. K. Banerji, Assistant 

Curator, under the supervision of Mr. J. Coggin Brown, Curator of 

the Geological Museum and Laboratory. 1 am deeply indebted to 

these officers for their work, which entailed no small amount of 

labour owing to the extremely refractory nature of many ot the con¬ 

centrates. 

i J. F. Kemp. The Geological Relation* ami lliatribution of Platinum and asso¬ 
ciated metal*. Su/l. U, &• Gem. Surv., 1913. 

R. A. Farquharaon. The Platinum Gravel* of Oropuki. 'Trans, A\ Z. Inst., Vol. 
XLIII, pp. 448-482, 1911. 

* G. H. Tipper. Mem., Geol. 8*rv., 2nd., Vol. XXXV, pt. 4, 1911. 
1 Sibong it the first stage on tho road from Tamu to Imphal (Manipur). 
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The average amount of gold in the Helaw gravels, which may be 

taken as a type of the recent river gravels, is only half a grain to 

be regarded as 

extremely disappointing, and in view of the natural disadvantages 

of dredging in such a river as the Chindwin, coupled with the fact 

that the gold is limited to the upper two feet or so of the banks, 

no hope whatever of successful exploitation can be entertained. 

The Kyobin deposit, which seems to be the best of the older 

gravels, gave decidedly better results than any of the recent alluvium. 

In this case, however, the payable gravel is so intimately mixed 

with barren sand, and so inconstant in character, that both would 

have to be taken together. The mass average of the deposit is far 

too low to enable work to be carried on at a profit. 

In my opinion, the gold-bearing alluvium of the Chindwin can 

only be worked on the small scale at present adopted by the local 

inhabitants, who by years of experience are aware of the position 

of the richer pockets. 

the cubic yard. Under any conditions this may 

SHAN GOLD-WASHING METHODS. 

There are only two places where gold-washing is at present being 

seriously carried on. One of these, namely Helaw, is on the main 

river, the other being on the Uyu river in the neighbourhood of 

Kyobin. 

In the first locality recent river gravels are washed, and the 

method practised has been described by J. M. Maclaren1 as follows :— 

“As soon as the highest point of the island is uncovered 

after the floods, it is attacked by the native washers 

who remove only the upper gravel to a depth of from 

8 inches to *a foot. The gravel is screened through 
bamboo sieves of about jj inch mesh, and the stones 

thrown to one side. The screened gravel is then carried 

in baskets to the waterside, where it is thrown on a 

smaller mesh (£') screen laid at the head of an inclined 

shallow wooden trough 4 feet long. The trough is 
supported on a forked stick at the upper end and rests 

in a slot in a Btake at the lower end. A fall of about 

6 inches in the total length is given to the trough. 

1 J M. Maclarrat, up. at., p. 7. 
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The gravel thrown on the screen is washed through with 

water from a dipper made of two bamboo nodes lashed 

side by side, and the coarser stones remaining are 

removed with the screen. Washing with water is con¬ 

tinued until the heavier sands alone remain, a low trans¬ 

verse ridge at the bottom of the trough acting as a 

riffle. When, after repeated washings of sand, sufficient 

concentrates have accumulated these are washed in a 

batea or round shallow wooden tray and handed over 

to an assistant, who separates the gold from the magne¬ 

tite, etc., with which it is associated. Four women 

(nearly all the washers here arc women) work in a 

party, two to dig and carry the gravel, one to work 

the long trough and one to complete the washing in the 

batea.’* 

The trough in use at Kyobin differs from that at Helaw in 

having four or five transverse riffles at the lower end, while that 

used in the Hukong Valley by the Kachins is grooved all the way 

down. It would seem that the use of the riffle as a gold catching 

device is being slowly introduced into the Chindwin from the 

Hukong Valley, and doubtless ultimately from China. 

The native method of working the gravels at Kyobin is a form 

of ground sluicing (shicemyaung). Water is brought to the foot of 

the gravel cliffs to be worked by an elaborate system of canals 

about lj feet across and a few inches deep. In places, however, 

these canals have been cut much deeper in order to cross an 

elevation. At Taung-ni, for example, the canal at one place is only 

1£ feet wide, but has been cut through a gravel ridge to a depth 

of 8 feet. There are no less than five canals on the Kyobin side 

of the river, namely, the Hwe-zadaik, the Lingyi, the Taung-ni, 

the Haung-hin or Kyauk-myaung; and the Hwc-ma-mon. The 

aggregate length of these canals is about 2\ miles. The Hwe- 

zadaik runs at a level about 5 feet higher than the Hwe-ina-mon 

and keeps parallel to it for most of its length. At Teingon there 

is one canal, the Hwe Latak, which is approximately $ mile in 

length. The courses of these canals may be seen from the map, 

plate 24, fig. 1. 

The gravel is dug from the cliffs with wooden spades tipped 

with iron and laid along a tail-race which is connected with one 

of the canals. Water is then allowed to run over the loosened 
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gravel for some days, at the end of which the bottom of the tail- 

race is cleaned up, the pebbles being thrown on one side, and the 

sand washed with trough and batea in the usual way. 

The innumerable mounds of pebbles thrown aside from old tail- 

races testify to the energy with which the gravels have been ex¬ 

ploited in past times. 

DETAILED DESCRIPTION OF GOLD DEPOSITS. 

For convenience of description the area under review will be 

sub-divided as follows 

A. The main Chindwin River. 

B. The Uyu River. 

The gold deposits themselves are found in¬ 

ti) the recent river gravels; 

(2) the older gravels, probably of Pleistocene age. 

A. THE MAIN CHINDWIN RIVER. 

AUfl. 

Thill. 

I. The recent river gravels. 

The lowest point ou the river where any gold washing is 

carried on is at A16n (22° 14': 95° 10'). The 

villagers only work here spasmodically during 

the rains, and the deposit is of no value. 

Iam informed that at Thazi, 15 miles north-cast of Monywa, a 

little gold is won in the bed of the torrential 

stream descending from the Mu-Kvaukka water¬ 

shed and emptying itself into the Chindwin below A16n. 
Gold and platinum have also been reported 

***' from Kani.1 

With these two exceptions, I do not know of any deposits 

away from the main river. Other minor deposits sometimes worked 

by the local people are in the upper waters of a small stream 

flowing into the Chindwin on the left bank about 7 miles below 

Kalewa* and at Maulaikgyi, 6 miles below 

Kindat. 
MaalttkcyL 

1 Burma QauUur, Lower Chiadwiu District, p. 110. 
* J. M. MscUren, op. tit., p. 7. 
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The two gravel beaches at Maulaikgyi were tested with the 

batea and found to be inferior to those at Helaw to be described 

immediately. 

Hdaw and Gyogon. 

The recent river gravels near Helaw are unquestionably superior 

to any others found along the course of the river Chindwin, and 

were therefore thoroughly tested as a typical example. 

It will be seen from the sketch-map (plate 24, fig. 2) that we 

have here a stretch of gravel and sand about 1J miles long com¬ 
posed as follows :— 

The Helaw Island, somewhat over a mile in length, of which the 

upper half is covered with good gravel, the rest being sand, the 

Gyogon Island, likewise composed of good gravel in its upper half, 

and the Ywatha beach. 

The pits put down show conclusively that the gravel here is only 

a surface deposit of no great thickness overlying sand devoid of gold. 

The gold is deposited after the rains in the local eddies formed 

by the surface deposit of boulders, and most of it, therefore, occurs 

at the head of each island or beach and only to a depth of about 

one foot. In fact my tests go to show that not only are the 

surface gravels alone rich in gold, but, that even these are only 

rich at points which mark the heads of the islands at successive 

stages in their emergence after the Monsoon. This surface con¬ 

centration is doubtless due to the fact that the floods of one 

rainy reason scatter the gold deposited at the end of the previous 

one. 

I am therefore in entire agreement with J. M. Maclaren, who 

remarks “ that the only possible hope of success in dredging here 

lies in scraping up a surface layer of 8 inches to a foot, an oper¬ 

ation that means a great reduction in the lifting capacity of a dredge, 

since the buckets will rarely fill.” 

The more exhaustive tests which I was able to make show 

that, even in this surface layer, the gold content is not constant 

and may be absent altogether. In view of this, I am unable to hold 
out any prospects of successful dredging. 

Helaw Island. 
t 

Three shallow pits were sunk at the head of the island to test 

the surface gravels. In each case the dimensions were 6 ft. by 

3 ft. and the depth 1$ ft. At this depth sand was encountered 
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which was not worth washing. There is a bar at the head of 

the island and the Btones on the surface are unusually big, most 

of them ranging from 6 inches to a foot in length. 

Pit 1. The cubic yard gave 552 grains of gold. 

Pit 2. The cubic yard gave 212 grains of gold. 

Pit 3. The cubic yard gave *568 grains of gold. 

Pit 4.—3 ft. square and 6 ft. deep. 

The whole of this pit yielded only traces of gold. 

Pit 5.-3 ft. square to a depth of 9 feet. 

First 3 ft., t.e., 1 cubic yard gave 1313 grains. This was 

good gravel containing about 35% of stones over 2 inch. 

3'-6\ Very fine gravel: -016 grains per cubic yd. 

6-9'. Coarse sand with only a trace of gold. 

Pit 6.-3' square to a depth of 9" (>* when water was encountered. 

First 3', i.e.f 1 cubic yard: *566 grains 

3'-8' 6" : *107 grains per cubic yd. 

The last foot was in sand with no gold. 

Pit 7.—1 cubic yard from the surface gave ’016 grains of gold. 

The proportion of stones over 2” was 37%. A pit 3 ft. 

square waB also sunk here to a depth of 2' 4*, when water 

stopped the excavation. The 21 cubic ft. so obtained 

yielded only -502 grains, or *72 grains ]>er cubic yd., and 

the greater part of this came from the uppermost foot. 

Several surface washings at other points on the island show con¬ 

clusively that the gold is distributed very irregularly. At one spot 

surface washings gave -9 grains to the cubic yard, while in another 

only 20 ft. away the gold content was 246 grains per cubic yard. 

I quote the record of the following pit put down by Dr. Maclaren.1 

“ As a typical example a pit, 9 feet square, was sunk. The gravel 

from the first 2J feet in depth was washed in one lot. 
The 6| cubic yards so obtained yielded only 2\ grains or 

•374 grains per cubic yard. A further depth of 2' 29 or 

cubic yards yielded only at the rate of *12 grains per cubic 

yard, but the gravel had given place to sand at a depth 

of 3\* from the surface, and from that depth to the 

total depth (G£ feet) permitted by water the pit was 

continued in sand. In the sand no gold whatever was 

found. Washings from the surface gravels in the same 

places showed returns of 4—8 grains,. . • . ” 

1 J. M. MAckron, op. cit^ p. 8. 
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Gyogon Island. 

The upper half of this island is composed of good gravel and was 

tested by means of pits put down at intervals of about 100 yards at 

the points shown on the map (Plate 24, fig. 2). 

As in the case of the Helaw island the gold is more or less confined 

to the uppermost foot, and in places even this upper layer is 

decidedly poor. The gravels are everywhere underlain by sand but 

are thickest at the head of the island, gradually thinning to the rear 

till they become a mere layer of pebbles resting on sand. 

Ptil— 
A pit 6' by 3' was carried to a depth of 1J\ the cubio yard giving 

*56 grains of gold. From this depth on to the total depth 

of 8J' the pit was made only 3' square. At 8' barren sand 

was reached. 

The cubic yard from 1 $' to 4$' gave -1 of a grain. 

The gravel from 41' to 8J' gave 09 grain per cubic yard. 

Pit 2— 

3' square to a depth of 7' H", when barren sand was encountered. 

First 3', i.e.f 1 cubic yard gave 1*3 grains. 

3' to 7' 8", t.e., 1$ cubic yards, gave *088 grains, or -056 grains 

per cubic yard. 

Pit 3— 

3' square to a depth of 6' 3*, when water was met. 

First 3' 5" gave 0*335 grains per cubic yard. 

3' 5* to 6' 3" gave only *035 grains per cubic yard, but from 4' 7* 

the pit was in sand. 

Pit 4— 
3' square to a depth of 5', when water stopped excavation. 

First 3', i.e.f 1 cubic yard, *022 grains. 

The remaining § cubic yard contained practically nothing. 

Pit 5— 
6' by 3' to a depth of 1$', the cubic yard giving *506 grains of gold. 

From 1J' to 6' the pit was only 3' square, and the gold contents 

*05 grains per cubic yard. 

At 6' the pit was stopped in sand. 

Pit 6- 

The gravel here was only V thick, being followed by barren 

sands. One oubio yard from the surface here gave ‘826 

grains. 
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Pit 7— 
3' square to a depth of 6', sand reached at 5'; all, washed in 

one lot, giving *216 grains per cubic yard. 

Pit 8- 
3' square to a depth of 6' 10', sand reached at 5' 5'. First 3', 

i.t.y 1 cubic yard, gave ‘442 grains. 
3' to 6' 10' gave *07 grains to the cubic yard. 

Ywatha beach. 

One cubic yard of gravel was washed from the surface of this 

beach and yielded 1*174 grains of gold. 

Dr. Maclaren1 states that surface washings from the long beach 

below the village of Ywatha gave as much as 38 grains of gold per 

cubic yard of screened material. Here also the rich gravels are 

confined to the upper \\\ and give place downwards to sand. 

Various minor localities. 

Between Helaw and Homalin the river mostly deposits sand, and 

there are no gravel banks worthy of consideration. Where gravel 

exists it forms a thin layer, usually only some 2' to 3' thick, on top 

of sand. Small patches of gravel may be seen at low water'near 

Nat-ein-sin, Non-yin, Naimg-san-kyin, and Minbwe. 

The only tests made were at Naung-san-kyin and the values 
obtained were excessively poor. 

Above Homalin there are gravel beaches at Pin-pa-nu and Pfc-bin 

opposite Maungkhan. There are no native washers at either place. 

The Pin-pa-nu beach consists of a layer of fairly large stones, from 

3' to 6' long, overlying sand. The gold is very fine and hard to 

catch, and pan tests gave only two or three fine colours to the 

dish. 

The head of the Pfc-bin beach contains many large stones up 

to 9' in length, but behind the gravel becomes gradually finer 
till it passes into sand. 1 cubic yard from the surface at the 

head of the island gave *044 grains of gold. As usual the gravel 

rapidly gives place downwards to sand. 

The next occurrence of gravel is at Limpa (25° 52' : 95° 40'), 

and here too the main part of the island is sand. Pan tests at 

several points gave the merest trace of gold, and one cubic yard 

1 J. M. Maclaren, op. cit., p* 8. 
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from the surface, at the richest poiitf found, yielded only ‘346 

grains. 

A little fine gravel is seen at Hemsun, but it gave only a trace of 

gold to the pan. ' 

At the village of Pawmang, J mile below Kanti, there is a small 

gravel beach. Pan tests shewed traces of gold and platinum. 

There are two gravel areas in the river at Maubin, one below, 

and the other above, the village. A few old women used to work 

the former a few years ago. 1 cubic yard from the surface of the 

lower exposure, opposite the village of Let-pantha, gave ’63 grains 

of gold. 1 cubic yard from the surface of the gravel above Maubin 

gave 084 grains. 

Similar deposits occur still higher up the river at Labaingaik, 10 

miles above Maubin, and at Selon. 

Pan tests at Selon gave the usual trace of gold. Above Selon the 

Chindwin sandstone country ends, and the river runs through a 

precipitous gorge. 

2. The older gravels. 

Pan tests at several points along the outcrop of the older 

gravels show that gold is always present, but invariably in such 

small quantity as to be far too poor to be worked even by 

native washers. 

One cubic yard at Maungkhan gave *28 grains of gold. 

One cubic yard at Kabani, near Naung-san-kyin, gave -145 grains. 

These older gravels along the course of the main river are only of 

interest as showing the source of most, if not all, of the gold in the 

recent gravel banks. 

B. THE UYU RIVER. 

1. The recent river deposits. 

Khaung-noo. 

This is the only locality on the Uyu where the recent river 

deposits are worked for gold, the washing being conducted on 

sand-banks. 

At the time of my visit there were some thirty men and women 

washing with bateas at Khaung-ngo itself, and a smaller number a$ 

Sike-puaikenoy, a mile lower down stream, 
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At Pa-thet, J mile above Naung-khet, there is another sand-bank 
where a few women work. 

The villagers at Khaung-ngo arc very expert as will be seen 
from the following. 

I engaged 6 women who washed for me for 5 hours, during 
which time they washed 626 panfuls of the sand and obtained 

8 228 grains of gold. As a rough estimate we may take the 626 
pans as equal to 4 cubic yards which gives an approximate average 

of 2 057 grains to the cubic yard. 

2. The older gravels. 

Kyobin. 

The gold at Kyobin occurs in false-bedded gravels and sands 

which form a terrace averaging 50' in height and standing back 
$ to $ mile from the Uyu river. 1 

The gravels are everywhere covered with jungle composed 

mostly of bamboo. The undergrowth is considerable and any 
attempt to dredge here would have to meet this initial difficulty. 

A paddock would have to be excavated and the water to float 
the dredge brought from the Uyu ; the height of the cliffs might 

be a source of trouble, as there would be danger of their falling 

in and fouling the bucket ladder. 

The gravel-beds are exceptionally fine and beyond a few pieces 
of fossil wood, practically no stones occur of a greater diameter 

than 3 inches. The vast majority of the pebbles run from 1* to 

H” in greatest length. The deposit consists of gravel and sand in 
about equal proportion and both occur in lenticles, no constant 

horizon being present. Lenticles of clay occur here and there and 

likewise small clay-galls. The amount of clay is, however, very 
small, the only horizon at which anything approaching a regular 

bed was met being at a height of 90 feet above the level of the 
Hpongyi-kyaung, Kyobin.1 This clay band forms the base of the 

cliff at the head of the Hwe-monhlaing stream and also runs along 
the floor of the Taung-ni exposure. It is not constant, however, 
being absent in placeB. Along the line of pit 13, at Lingyi, for 

1 The level of the road outside the Hpongyi-kyaung, Kyobin, hut boon taken as a 
convenient datum line. 
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instance, only some 130 yards from its outcrop at the head of the' 
Hwe-monhlaing, it is replaced laterally by gravel. No difficulty 
therefore need be anticipated from clay. 

The thickness of these deposits is considerable and bed-rock 
is nowhere exposed, neither has it been struck by any of the 
pits put down by me. 

The lowest horizon washed was in pit 8 at Hwe-ma-mon at a 
height of 13', and the highest in pit 3, at Hwe-zadaik at a height 
of 103' above the Hpongyi-kyaung datura. This gives a thickness 
of at least 90' for the deposits, and in places there are probably 
over 160' of sands and gravels. Along the foot of the jungle 
covered gravel terraces arc swamps covered with kaing grass. 
The surface here is clay and two pits sunk in this passed through 
2' of clay before being stopped by the influx of water. Gravel 
occurs below this clay, however, and is probably a re-wash of 
the high-level terrace gravels. This low-level gravel may well be 
richer than the terrace gravels, but could not be tested without 
the help of a drill. 

My examination was necessarily confined to the gravel terraces 
which were tested by means of pits and cuts in the face of the 
cliffs. Water is extremely scarce away from the river, and the 
gravel had in every case to be carried to the canals made by the 
Burmese washers. All the gravel was panned under my personal 
supervision. 

Reference to the map (Plate 24, fig. 1) will show the localities 
where the Burmese workings occur and also the canals by which 
water is brought to them. Each cliff is named from the canal 
which feeds it. . 

Hwe-Zadaik.1 

The Hwe-zadaik cliff is about 40 feet high on the average, 
and extends for about 250 yards in a north and south direction. 
The following tests were made at the points indicated on the 
map, and the record of the pits and cuts is given in plate 26. 

Pit 1— 
This pit passed through 6' of soil which was not washed, but 

contains a little gold and is not clayey. 

1 Hwe (Shan) stream, zadaih (Burme*e)-the chest in whick tho sacred book* of Gau¬ 
tama are kopt. The legend rune that when this locality waa first washed so much 
cold was obtained that the washora were able to present a chest to tho Kyobin hpongyi 

9 
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At 25' 6' a thick Band was reached and the pit stopped. The 

gold from the 19' 6' of gravel and sand was washed in one 
lot and yielded only 1*413 grains per cubic yard. 

Up to a depth of 16' V the gravel was very poor, but from 

16' V to 23' 6' more gold was met. 

A separate cut was therefore made to test this rioher horizon 

and gave an average of 2*562 grains per cubic yard (cut 1). 

Pit 2— 

Total depth 36 feet. 

The soil was 1' 6' thick, and the next 29' V was washed 

in one lot, giving only 415 grains to the cubic yard. 

Almost all the gold was obtained from two thin bands of 

gravel, each a foot thick, between 13' and 14', and 

16' and 17' respectively. 

The remaining 5' 4" gave 1*299 grains per cubio yard, and 

correspond to the gold-bearing horizon at the bottom 

of pit 1. 

Pit 3- 

Total depth 31' 3'. 

Soil, not washed, 3'. 

Gravels from 3' to 26' 9* contained *249 grains per cubio yard. 

26' 9" to 27' 7', stiff light coloured clay. 

Gravels from 27' 7" to 31' 3# contained *117 grains of gold per 

cubic yard. 

The whole of the gravel passed through by this pit was very 

poor. 

Pit 6- 
Total depth 28'. 

Soil, 5': contained 1*6 grains of gold per cubic yard. 

Gravels, 5' to 13' 8*: contained *97 grains per cubic yard. 

White quartz sand with no gold, 13' 8* to 18'. 

Sand, 18' to 24': *77 grains per cubic yard. 

A band of clay about 1' 3' was met in this portion of the pit. 

White quartz sand with no gold, 24'—28'. 

A thin band of fine gravel at a depth of about 6' 9" was 

the only part of this pit that was of any value. 

Excluding the soil the mass average for the gravels and sands 

passed through by my pits at Hwe-zadaik works out at *69 grains 

of gold per oubio yard, a most disappointing result. 

;) /* The local washers confine their attention to the six or eight feet 

f of the rioher gravel passed through in the lower part of pits 1 and 2. 
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Hwe-ma-mon.1 

The Hwe-ma-mon cliff is about 200 yards south of the Hwe- 

zadaik and averages 30' in height. 

Pil 4— 

Total depth, 29# 9". 

Soil, not washed, 1'. 

Gravel and sand, 12' 7", contains *432 grains per cubio yard* 

13' 7" to 22' 6* : 2*502 grains per cubio yard. 

22' 6" to 29' 9" : 5*7 grains per cubic yard. 

Pit 8— 

This was sunk at the level of the base of pit 4 in order to test 

the lowest gravels. 

It passed through 5' 1" of soil with the merest trace of gold, 

followed by 2' 0" of gravel containing 2*328 grains per 

cubic yard. Further excavation was stopped by water. 
Pit 5— 

Total depth, 26' 10". 

Soil, 6', containing 1*08 grains per cubic yard. 

6' to 12' V : *741 grains per cubic yard. 

12' 7" to 22' V : *166 grains per cubic yard. 

22' V to 26' 10" : *36 grains per cubic yard. 

A cut was made at the base of the cliffs to continue this pit to 

a lower level. 

28' to 38': 2*682 grains per cubic yard. 

The mass value for the Hwe-ma-mon gravels works out at 

2 grains per cubic yard. 

Two hundred yards or so south of Hwe-ma-mon there are three 

smaller shwe-myaung workings visited by the villagers during the rains 

only. During my visit, water was not available within a reason¬ 

able distance, and they were not therefore tested, but there is no 

leason to believe that they differ from the other localities. 

Lingyi.1 

The Lingyi cliffs average 35' in height and extend in a north-east 

and south-west direction for some 200 yards. This locality was 

* Ma-mon (Shan)-mango. 
* Linqvi: Im (Burmese-)-a trough, gy* (Burmese)-big. 
Tho iJngyi canal waa formerly carried arroas the swamp one-third of a mile W. of 

Taung-ni by means of a trough reported to have been 200 yards long and made of mat¬ 
ting laid on bamboo supports. The tiough is indicated upon tho map, although no 
traoe of it now oxista. The canal is now brought along the contour at the edge of the 

jungle instead. 
o2 
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extensively worked in past times, bnt is not much visited by 
the present generation and is consequently overgrown. The valu¬ 

able portion is a gravel band in the middle of the cliff, and two 
cuts were made with the object of testing this. 

Cut 10— 

This cut was 3' by 2' through 10' of good gravel. 

The 60 cubic ft. so obtained yielded 6-474 grains, an average of 
2-81 grains to the cubic yard. 

Cut 11— 

Along the line of cut 11 the gravel lenticle had swollen to a 
thickness of 17' 6*, and the cut, made vertically through, 

was washed in two lots. 
The upper 8' gave -645 grains per cubic yard. 
The remaining 9' 6# gave -945 grains per cubic yard. 

This gravel horizon is sandwiched between barren sands. 
Pit 12— 

This pit was sunk 150 yds. S. W. of the Lingyi cuts and passed 
through 8' of soil without reaching gravel. 

Pit 13— 

The first 9' 8' passed through very poor gravel containing only 
•36 grains per cubic yard* 

The next 2' 6" was in very rich gravel yielding 5*556 grains per 
cubic yard. 

A reference to the map will show that the local washers have 

put down a great number of pits at this point in order 
to remove this rich gravel occurring at a depth of 10'. 

I was unable to continue this pit owing to lack of time, but it 
may be stated with certainty that this band, like all the 

other rich gravels, is of no great extent or thickness, 
being merely a lenticle. This is clearly shown by the 
fact that at the head of the Hwe-mon-hlaing stream, only 
some 500 yards to the north, this horizon is represented 

by clay overlying white quartz sand with absolutely no 
gold. 

Taung-ni.1 

This is the highest cliff of all, being quite 60 ft. high in places. 
It is capped by some ten feet of red ferruginous soil and sand, hence 
the local name. 

1 Taung (Burmese) MU—*• (BurraeeeJ-jed. 
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The cliffs extend for over one mile in a north-east direction, 
but are much lower at the northern end. 

The base of the quarry is a band of yellow clay which throws 
out springs feeding the swamps below. This clay is on exactly the 
horizon of the clay bed at the head of the Hwe-mon-hlaing. 

Most of the cliff is composed of sand, which is ferruginous above, 
but a pure white quartz sand below. In the lower part there are, 
two thin gravel bands worked by the Shans, and two cuts were 
made to test these. 

Cut 12— 

This passed through 8' of gravel and sand and gave *617 grains 
of gold per cubic yard. 

Cut 13— 

This passed through 10' V of gravel and sand and gave 3-97 
grains per cubic yard. 

Hwe-mon-hlaing} 

At the head of the Hwe-mon-hlaing there is a cliff of gravel and 
sand resting on a stiff yellow clay band. Below the clay are barren 
sands, the only gold-bearing gravels exposed being above it. 

Two cuts were made through the upper part as far as the clay. 

Cut 9 (a)— 

Soil 6' V, *209 grains per cubic yard. 
Gravel, 6' V to 15', T71 grains per cubic yard. 

Cut 9 (b)— 
This cut beginning in fine gravel a little above the base of cut 

9 (a), was continued for 9' to the surface of the clay : 
gold content, 2’837 grains per cubic yard. 

It will be noted that, so far as any definite horizon can be said 
to exist in so highly false-bedded a deposit, there is a tendency for 
concentration of the gold in the gravels at about the level of this 

clay band, 87 feet above the datum line of the hpongyi-kyaung, 

Kyobin. 
Kyauk-myaung or Haung-hin2 

There are two cliffs worked here about J mile due east of the 
hpongyi-kyaung, Kyobin. The highest cliff is immediately below the 

1 Mon-hlainq (Shan)—a bat. 
■ Kyauk-ttone, myaung-tronoh (Burmeaa); hating■»trench ; Ain- ton (Bhan). 
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Pagoda and was tested by several cuts at different levels and by one 
shallow pit, so as to get an average for the whole. 

Pit 9- 
This passed through 5' 6' of soil which was not washed, being 

very poor in gold and somewhat clayey. 
From 5' 6# to 8', gravel was met with, containing *387 grains 

per cubic yard. 
From 8' to 13' 6', clay and sand mixed in varying proportion, 

with no gold. 
Cut 4— 

13' to 25'. Sand : gold content: *196 grains per cubic yard. 
25' to 35'. Gravel: gold: 1*56 grains per cubic yard. 
36' to 46'. Gravel: gold: *62 grains per cubic yard. 

Cut 6— 
46' to 56'. Gravel with some clay galls in the middle : 1518 

grains of gold per cubic yard. 

The second cliff a little further west was tested by a pit, 
supplemented by a cut in the lower part. 

Pit 7- 

1' to 6' 9". Gravel: 1*934 grains per cubic yard. 
6' 9* to 12' 8\ Gravel: *429 grains per cubic yard. 
12' 8" to 14' 6\ Clay. 
14' 6' to 22'. Gravel above and sand below: 1*06 grains per 

• cubic yard. 

Cut 6— 

i 22' 8' to 34' 4*. Fine gravel: *268 grains per cubic yard. 

During my visit I was able to ascertain the amount of gold 
obtained by a family of three Shans who were working the shioe- 

myaung at the foot of Pit 7. Gravel was laid along the tail race 
and washed for 1$ months by letting the water from the canal run 
over it. At intervals the workers cleaned out the pebbles by means 
of a basket sieve and the work was continued till the race was 
filled with the heavier part of the gravels only. Work was only carried 
on for three or four hours a day during seven days in the month. 
When the concentrates were cleaned out and panned, the gold 

was sold to traders in Maingkaing for Rs. 7 as. 12, which works out 
at about one anna a . day per man over the whole 1$ months, and 
from 3 to 4 annas a day taking only the actual working days. The 
gold is separated by amalgamation, and the small residue of 
platinum, etc., is thrown away as valueless. 
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Teingon. 

The gravels at Teingon are similar to those around Kyobin and 
form cliffs about 25' high running approximately north and -south 
and lying J mile back from the river. 

There is one long canal known as the Hwe- latak1 by which 

water is brought along the foot of the escarpment. Gold-washing 
is carried on at four points on this canal, and, during the rains 
only, at a fifth locality further inland. 

Cuts were made in two of the cliffs at the localities marked on 
the map. 

Cut 7— 
This cut was in 15' 10* of gravel and 7' of sand. 

All was washed in one lot and gave 4*474 grains to the cubio 
yard. 

Cut 8— 
I' to 15' 6\ Gravel and sand : *966 grains per cubic yard. 
15' 6* to 24'. Gravel: 1*233 grains per cubic yard. 
24' to 32'. Fine gravel: 1*52 grains per cubic yard. 

MeJckalek. 

The older gravels are washed at Mekkalek and other localities in 
the neighbourhood. 

Mr. J. M. Wright, who had visited these washings, informs me 
that they are very similar to those at Kyobin and Teingon. 

I was unable to visit them myself, but do not think there is 
the least probability of their being any richer than those already 
described. 

EXPLANATION OF PLATES. 

Plate 23.—Sketch map of part of Chindwin River . . Scale 1 in. =4 m. 

Plate 24.—Pig. 1—Gold Workings at Kyobin and Teingon. Scale 6 in. = 1 zn. 

Fig. 2—Gravel Banks at Helaw and Gyogon . Scale 6 in. = 1 m. 

Plate 26. —Record of pits around Kyobin. 

* latak (Shan) —a small loach.- 
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The Correlation of the Siwaliks with Mammal 

Horizons of Europe. By Guy E. Pilgrim, D.Sc., 

F.G.S., Officiating Superintendent, Geological Survey 
of India. (With Plates 26 to 28.) 

It had not been my intention to add anything to my “ Preli¬ 
minary Note on a Revised Classification of the Tertiary Freshwater 
Deposits of India ”* until it should be possible for me, in an ex¬ 

tended memoir, to deal with the whole subject in much greater 
detail. Since, however, it has been suggested by more than one 
of my critics that the mere list of the various Siwalik faunas, as 

enumerated in that paper, does not supply sufficient evidence for the 
correlation adopted, it seems advisable, in vie\y of the importance 
of the matter, to elaborate this evidence somewhat without waiting 
longer. 

It will considerably add to the comprehension of what follows, 
if the above quoted paper be read before going further. The 
European correlation there adopted for the various Tertiary Verte¬ 
brate faunas of India remains substantially unaltered, although 

it is necessary that the lower bone deposits 

fcmebcdi. ** *** BBf** °* ^e Hills should be known as Gaj 
instead of Upper Nari. This change has been 

made on account of— 

(1) E. W. Vredenburg’s conclusion, based on the evidence of the 
foraminifera, that the Upper Nari of Sind is in part 

stampian and the Gaj chiefly aquitanian reaching, in 

its uppermost portion into the burdigalian. The 
upper aquitanian age which I assigned to the verte¬ 
brate fauna is, therefore, inconsistent with a correlation 
with the Upper Nari, and the presence of an undetec¬ 

ted unconformity between the bone beds and the 
marine band of Lower Nari age is, therefore, indicated; 

(2) The identity, according to Vredenburg, of three species of 
Oatrea, found in association with the lower Bugti verte¬ 
brates, with species occurring in the Upper Gaj of Sind. 

This completes the evidence for the unconformity 

* R*., Geol. Surv., Ind., XL, pp. 180-205 (1910). 
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suggested above and, * further, renders it possible, 
that the lower Bugti bone beds should reach, at 
least in part, into the burdigalian. 

With regard to the Kuldanas, which I correlated with the 
Bugti beds on the evidence of the fossils which 

4,e I found at Fatehjang three years ago,1 I think 
that the more advanced development of Teleoceras fatehjangensis 

Pilg. and the presence of a newer type of Hemimeryx suggest 
a slightly more recent age, so that the Kuldanas may very well 
be lower burdigalian. I do not, however, intend to deal further 
here either with this fauna or with the barren formation which 
directly succeeds it—the Murree, but only with the true Siwaliks 
which conformably overlie the Murrees. 

In all the publications of the Geological Survey previous to 

Prerioos view* on the 1910, only two faunas had been recognized 
SIwslUc Faunas. 40 exist in the Siwaliks :— 

(A) That of Sind and Perim Island, erroneously made to 
include specimens of Gaj (upper aquit&nian) age from 

the Bugti hills. This was rather doubtfully stated 
to be not older than Upper Miocene ;2 

(B) that of the Salt Range, collected by W. Theobald, chiefly 

from the localities of Hasnot,3 Jabi and Niki, which was 
united with that of the Siwalik Hills collected chiefly 
by the classic labours of Falconer and Cautley and also 
with that of Burma. This fauna was very generally 

regarded as Pliocene.* 

Since Theobald broadly admitted the likelihood of some of the 
fossils brought to him by the native peasantry having come from 
lower horizons than the mass, it was open to writers like Lydekker, 
Schlosser and Stehlin to express a decided opinion that certain 
of the older types, included in set B, were Miocene and should 
be classed with set A. In 1910 I tried to make it clear that 
the deposits and fauna fell into three divisions, to which I gave 
the names Upper, Middle and Lower Siwaliks, all these divisions 
being represented faunistically in the Salt Range area succeeding 

1 Pilgrim, op. cit. pp. 187, 188. , 
• I BhaU show later on (p. 320) that the fauna of Perim Island is considerably newor 

than that of Sind and is probably (he equivalent of that found at Nagri in a low horizon 
of tho Middle Siwalikti. 

• Tho narao of the village Hasnot has been quoted by all previous writers as Asnot. 
• Manual of tht Otology of India, 2nd edition (1803), p. 363. 
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one another in etratigraphical* sequence. I did not then attempt any 
ft. . more detailed classification but it has sinoe 

Revised cUidflcatioB. , . . . , 
become increasingly apparent that a further 

subdivision is advisable. The table in Plate 26 gives the complete 
classification, which I have decided to adopt, with the names pro¬ 
posed for the different zones, their typical localities, their most 
characteristic species and their correlation with the generally recog¬ 
nized European horizons. The measurements given for the thick¬ 
nesses of the various zones in the Middle and Lower Siwaliks are based 
on the section of these beds displayed between the Soan river 
and the Salt Range plateau. The thicknesses of the Upper Siwalik 
zones are taken from the area between Jalalpur and Kotal Kund. 
For the sake of completeness the fluviatile deposits older than the 
Siwaliks are included in the classification. 

I do not intend here to discuss the stratigraphy in any great 
detail, but one or two points may be amplified with advantage to 
my argument. These fall under two heads :— 

(1) etratigraphical relations between the Middle and Lower 
Siwaliks, 

(2) etratigraphical relations between the Middle and Upper 
Siwaliks. 

Stratigraphical Relations between the Middle and Lower 
Siwaliks. 

Between the top of the Middle Siwaliks on the Soan river and 
the Salt Range plateau ocours an almost 

Rhbjc^11* iht Stlt continuously descending series of river deposits. 
In places these are somewhat warped and there 

is a shallow syncline. The angle of dip varies, tending to steepen 
in the lower beds, but the sections which cut Chinji and run 
northward to Trap and Dhok Pathan, are singularly free from 
violent disturbance. It is one of these which is represented in Plate 
28, fig. 2. From summit to base the dip never exceeds 10° and is 
frequently much less. The general direction of dip is NNW. The 
total thickness of the beds here included is about 10,000 feet. Of these 
the topmost 6,000 feet are Middle Siwalik, measuring down to the 
dividing line previously adopted, the zone of red nodular clays 
and concretionary pseudo-conglomerates free from pebbles. Since 
portions of the ground between Chinji and the Soan river are 
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covered by Post Tertiary depoeit, which conceals the older rooks 
from view, the estimate of the thickness of the Middle Siwaliks 
in this area can be no more than an approximation to the truth. 
This cannot, however, be less than I have stated and may be 
greater should the syncline, mentioned above, prove shallower than I 
anticipate. At Hasnot, on the other hand, which lies in the 
eastern portion of the Salt Range area, the Middle Siwaliks are no 
more than 4,000 feet thick. 

The most important fossiliferous horizon of the Middle Siwaliks 
oocurs only some 500 feet from the top and includes the Dhok 
Pathan beds. It is this horizon which I correlate with that of 
Pikermi and Samos. Although fossilB-chiefly Hipparion-are found 
occasionally throughout the series, we have to descend to a level 
of no more than 1,500 feet above the base of the Middle Siwaliks 
before we meet with the next important fossiliferous zone, that of 

Nagri, 10 miles east of Chinji. The fauna of this zone is discussed 
on page 318. The lowest 1,500 feet of the Middle Siwaliks is prac¬ 
tically unfossiliferous. Then follows, but without any very abrupt 
break, the zone of bright red nodular clays and concretionary con¬ 
glomerates with interbeddcd sandstone 2,300 feet thick. This is 
fossiliferous throughout, and may be divided into an Upper and a 
Lower Chinji zone. The former may be considered to extend 
through a thickness of 800 feet, in which Hipparion occurs, though 
rarely, with a large antelope, possibly Palaeoryx sp., and a species of 
Hyaena. The few isolated teeth by which the Upper Chinji Hipparion 

is known appear to differ from those found in the Middle Siwaliks 

only by being slightly smaller and more brachyodont. 
Both the genus Hipparion and the other forms mentioned 

above, are unknown in the lower 1,500 feet, which I may call the 

Lower Chinji zone. 
Descending still lower the bright red clays cease, and with them all 

identifiable fossils, although there is a well-marked and very constant 
fossil wood zone. Some 1,700 feet of river sediment underlie the Lower 

Chinji zone, constituting the lowest division of the Siwaliks in the Salt 
Range. This is characterized by the same prevalence of concretionary 
pseudo-conglomerates, but they are rather different from those of the 

Chinji zone and are of two types, (1) a much softer and less cal¬ 
careous kind, something like those of Sind and *the Bugti hills and 
(2) a much harder, more compact and very calcareous kind like 

those that characterize the Nfthan beds of the Sub-Himalayan zone. 
The clays are not as-a rule nodular, and the bright red oolour ;©f 
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the Chinij zone is absent. In the neighbourhood of the Indus the 

resemblance of the grey sandstones and concretionary conglomerates 

to those of Sind and the Bugti hills is still more striking. On the 

strength of this lithological resemblance, and because these beds 

form the base of the Si wall ks in the Salt Range, as the Lower 

Manchhars do in Sind and the Bugti hills, I have provisionally given 

to this lowest 1,700 feet the name of the Lower Manchhar zone. 

Seeing, however, that the fossils found at the base of the series in 

Sind and the Bugti hills are very distinct from those of the Lower 

Chinji zone, it would not be surprising if it should prove that 

these basal fossiliferous beds were laid down rather earlier than 

any in the Salt Range. 
This same general succession of beds presenting the same litho¬ 

logical characteis and fossil contents can be traced continuously 

between the Indus and the Jhelum. 

We will now pass to the Sub-Himalayan area and see how far 

a similar sequence can be detected. It is only within the last 

two years that it has bocome possible to 
Section! in ibe Sob. attempt any exact correlation of the lower beds 

Himalayan area of Kao . * . . , . o i*. ml. 
ira and the Simla Hills of this region with the bait Range area. This 

has been both on account of the lack of any 

detailed stratigraphical work as well as the absence of any 

well-marked fossil fauna, or perhaps more truly through the 

Eailure adequately to combine the two. Throughout Kangra and 

in many places in the Simla Hill States there is found at the very 

summit of the thick mass of the Nahan sandstones, a constant zone 

Df red calcareous nodular clays some 1,000 feet in thickness, which 

3xactly reproduces in appearance the Chinji beds of the Salt Range, 

though occasionally containing a few pebbles. These beds pass 

gradually up into an immense thickness of pebbly sandstones with 

nterbedded clays ending in a boulder conglomerate zone. If these 

•ed nodular beds had been unfossiliferous, I should unhesitatingly 

lave classed them with the Upper Chinjis, merely on account of 

;he lithological resemblance. They happen, however, to be fossili- 

ierous in most of their outcropB, although the fossils are not 

lumerous. It is noteworthy that Hipparion frequently occurs. 

Mid this frequency alone suggests that these beds are more recent 

ihan the Upper Chinjis, in which Hipparion is scarce. At Nur- 

;wr there was found also a large antelope apparently identical 

vith a species found at Nagri in beds which overlie and are, 

therefore, younger than the Upper Chinjis, and perhaps ancestral to 
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a Strepsicerine n. gen. sp. latidens Lyd., common at Haanot. 
At the same time since the fauna also includes, as found in the 
Nurpur locality, Amphicyon palaeindicus, a Chinji species, it will 
be seen that Lower Siwalik affinites are not wanting. Dinotherium, 
Qiraffa, Dorcatherium and a lower molar of a Merycopotamoid 
which is perhaps Hemimeryx, also occur. 

The beds of the Kalawala Rau in the Siwalik hills to the north 
of Saharanpur have yielded a small fauna of similar type. Here, 
though red nodular clays are not found, the pisolitic pyritous beds 
are paralleled by similar beds at Nurpur. By their position at 
the top of the Nahan series they have already been the occasion 
of some discussion as to whether they were more appropriately 
placed in the Middle or Lower Siwaliks.1 

A somewhat similar case has been found on the eastern side of 
the Chambal ridge, that is to say at the extreme eastern limit of 
the Salt Range area. Here the red calcareous clays of the Chinji 
zone occur, as usual, beneath the Middle Siwaliks. Sufficient evidence 
for the correlation of the latter is afforded by the presence of true 
pebble beds, associated with orange clays and grey sandstones, only 
some 40 feet above typical red Chinji clays. Immediately beneath 
the lowest of these pebble beds is a pisolitic ferruginous band, 
associated with a nodular clay, the lithological resemblance of 
which to the fossiliferous beds of Nurpur and the Kalawala 
Rau is noticeable. This band yielded Hipparion remains only. 
Remembering that Hipparion was rare in the Upper Chinjis, and 

in the absence of any characteristic species of the Chinji zone, 
it is as likely that this bed should have been deposited later than 
the Upper Chinjis of Chinji, as that it should be the absolute equi¬ 
valent of the latter. 

If we consider this Nurpur fauna as at all newer than that of 
the Upper Chinjis, it is clear that the peculiar conditions which 
gave rise to the red nodular clays and concretionary pseudo-conglo¬ 
merates must have persisted longer in Kangra and elsewhere than 
in the Chinji area. Accordingly, we have the choice of two alter¬ 
natives, (1) either the Nurpur beds are represented at Chinji by 
Middle Siwaliks and are practically the equivalent of the Nagri 
zone, or (2) there is a time-break between the Upper Chinjis and 
the Middle Siwaliks in the Chinji area which is represented in other 
places by the Nurpur beds, or perhaps only the upper portion of 

those beds, the lower portion being the equivalent of the Upper 

* Rtc.t QtoL Surv^ Ind., XI* p. 193. 
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Chinjis of Chinji. I prefer the second alternative, because I do 
not wish to destroy the significance of such a well-marked line 
of demarcation between the Lower and Middle Siwaliks, as is 
provided for us by the existence of an easily recognized red 
concretionary zone at the top of the former. 

In any case it is obvious that the Nurpur beds are in the 
nature of passage beds between the Lower and Middle Siwaliks. 
At present I shall class them with the Upper Chinjis, with a bias 
towards viewing them as in part slightly newer than the Upper 
Chinjis of the Chinji area. 

Further evidence on this question is afforded by the interesting 
fossil find made by Sub-Assistant Vinayak Iiao at Hari Talyangar 
in the Sub-Himalayan area referred to below (page 319). The 
beds, in which the fossils occur, aro some 1,500 feet higher 
than the Nurpur beds of that locality and their fauna, although 
Middle Siwalik, represents a decidedly older type than that of 
Dhok Pathan, and may be correlated as nearly as possible with 
that of Nagri. Tho significance of a discovery which enables us to 
fix this horizon so exactly will be realized when it is remembered 
that the Nurpur series is underlain by a great thickness of Nahan 
sandstones, so that the correlation of these with that • portion 
of the Lower Siwaliks below the Upper Chinjis is amply de¬ 
monstrated. Whether the base of the Nahans (an uncertain 
line in practice because of the frequent shading of these beds 
into the Kasaulis) is still older than any beds found in Sind is a 
conjecture which at present lacks proof, but which the great thickness 
of the Nahans urges me to suggest tentatively. 

A further important result of these recent finds is to at once dispel 
any doubt which there might ever have been as 

H°-nSjeityp of the to tho existence of a Middle Siwalik fauna 

India" y * in the Sub-Himalayan area of an entirely 
similar type to that of the Salt Range. We 

may thus assume that in Upper Tertiary times India was inhabited 
throughout the area covered by these ancient river deposits by 
a fairly homogeneous mammalian fauna. The inconstancy and 
even the almost entire thinning out of the Middle Siwaliks stage 
in certain parts of the aiea still remains as plausible a suggestion 
now as when I first made it, though we have only lithological 

evidence to go by.1 

1 .flee., (fool. 8*rv.t Ind., XL, p. 194. 
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Before leaving the Lower Siwaliks it ia worth while to refer 

Concretionary paeudo- to one of tteir important lithological feature*, 
cMgioneraiet of tlte which seems to bear somewhat on the subject 

of this note. I have more than once men¬ 
tioned the concretionary pseudo-conglomerates, which so universally 
characterize the Lower Siwaliks, whether in the Lower Manchhar 

zone of Sind, the Bugti hills and the Salt Range, the Chinji zone, 
or the Nahan series of Kangra and the Simla hills. 

In the Middle Siwaliks concretionary beds of any kind occur 
but seldom, and where they do their appearance is entirely 

different from those of the Lower Siwaliks. The concretions are 
not so thickly massed and the general look of the bed is suggestive 
rather of an unmistakable concretionary structure than of a con¬ 
glomerate. In the Upper Siwaliks any sort of concretionary bed 

is a still greater rarity. No one has ever done more than mention 

this structure and in seeking, myself, for its explanation, it has 
occurred to me as possible that it might possess an important 

significance, which will appear later. 
The possible ways in which these concretionary pseudo-con¬ 

glomerates might have originated arrange themselves under two 

heads:— 

(1) formation beneath water, due 'to segregation of calcareous 
matter, implying thereby an origin contemporaneous 

with the deposition of the bed; 
(2) formation subsequent to the deposition of the bed. 

There seem to be several reasons against the first of these. To 
begin with, a subaqueous deposit is most unlikely. It is hardly 
possible that such widely spread and such thick deposits as those 

of* the Siwaliks can have been formed otherwise than on vast flood 
plains. Further, no reason presents itself for such concretionary 
beds being so abundant in the Lower Siwaliks but vanishing al¬ 
most entirely in the Middle and Upper Siwaliks, for if the deposit 

be subaqueous then the conditions requisite for calcareous segre¬ 
gation must be constantly present. 

If they were formed subsequently to the deposition of the bed, 

we have the choice of two alternatives. One— their formation at 
any period subsequent not only to that particular concretionary 
band, but subsequent to perhaps thousands of feet of overlying 
strata, thus being in the nature of veins and pockets produced by 

infiltration. It seems, however, hardly possible that suoh products 
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of infiltration should be densely crowded into comparatively thin 
bands, often succeeding one another very frequently, and should be 
so entirely absent from the intervening sandstones and clays. 
Moreover, the appearance of the concretionary pellets is not that 
of ordinary infiltrating action, while side by side with the structure 

we are discussing we find veins and strings of mineral matter, 
which are evidently the result of the passage of highly mineralized 
solutions through the rock, probably at a much later date. 

The second alternative explanation—, namely that the entire 
concretionary structure of any particular band was produced in it 
before the deposition of the layers above it, seems to me the one 
which satisfies most of the facts. The only way in which this can 

have taken place would be if long periods of entire or almost 
entire cessation of flood alternated with periods during which 

floods were of constant, probably annual occurrence. During the 
periods of rest, large portions of land surface must have remained 
almost dry and have been subject to atmospheric forces, capillarity 

and evaporation, such as determine the formation of kankar in the 
plains of Bengal at the present day. The concretionary band, 
therefore, represents a soil layer which is of greater or lesser thick¬ 
ness, according to whether it has remained subject to atmospherio 

influences for a longer or shorter time. In fact it might be 'termed 
4 4 quasi-lateritic * ’ in origin. Very often the appearance of the 
concretionary layers is remarkably like that of an ordinary 4 4 later- 
ite,M the small ferruginous pellets which often occur causing cer¬ 

tain bands to resemble the pisolitic varieties of “ laterite.” Since, 
however, it may be concluded that the layers of sediment left ex¬ 
posed during each of the periods of desiocation would vary in their 
lithological character, being sometimes sand and sometimes clay, we 

should expect the subsequent character of the concretionary band 
to vary also. This is in fact the case. The colour and material 
of the matrix is very different in different bands, although the 

nature of the concretionary action in general appears to have been 

the same. 

It may seem that I have entered into this question at un¬ 
necessary length for a paper of this nature, but the importance to 
my subject of the conclusion to which I have arrived will now ap¬ 
pear. If the above explanation is accepted it is obvious that the 

thicker and more frequent the bands of concretionary pseudo-cong¬ 

lomerate are, the longer mupt have been the duration of the periods 
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of rest from sedimentation and so much the more frequently must 
they have occurred. We may in fact consider such a deposit as 

that of the Lower Siwaliks as one containing countless small un¬ 
conformities. It will follow, therefore, in spite of the small thickness 
of the Lower Siwaliks, (some 4,000 feet only), that the time occupied 
from the beginning to the end of the sedimentation may have 
been considerable, and possibly much greater than that of the 
6,000 feet of Middle Siwaliks or the 6,000 to 8,000 feet of the 

Upper Siwaliks. Thus it seems reasonable that if we admit the 

sufficiency of a single European stage for the deposition of the 
Middle Siwaliks, we should demand at least two stages for that 
of the Lower Siwaliks. I do not intend to press this suggestion 

unduly or unnecessarily, but it will be seen later how far the 
character of the various Lower Siwalik faunas lends it support. 

Stratigraphical relations between the Middle and Upper 
Siwaliks. 

It will bo found that this section contains considerable additions 

to what I wrote in my “ Preliminary Note” of 1910,1 as well os a 
certain modification in detail. This is very largely due to my 
recent field-work in the country lying between the Bakrala ridge 
and the river Jhclum, as well as in the Siwalik hills. A reference 
to the geological map of part of this area contained in Plate 27 

will enable the following description to be followed more readily. 
Between Jalalpur and the Chambal ridge a continuous descending 

series of deposit* occurs, in the following order 
i^SccddiB in the Salt g0jng from newer to older beds, the dips 

varying from 25° to 70°. A section taken along 

this line and passing through the village of Malakpur and the Chambal 

ridge is represented in Plate 28 figs. 1 and la. 

Thickness in 

feet. 

Upper Siwaliks 

' 1 COO—2,000 Loosely compacted sands at Rasul, further 
to the nerth-east than Jalalpur. Boulder 

conglomerates with Equus and Elephas 

hysudrieva. 

4,000 . Fiiable brown sandstones with interbedded 
drab or pale brown clays and conglome¬ 

rate bands. 

1 life., Qtol. Sure., Jnd., XL. pp, 1UJ—103. 



274 Records of the Geological Survey of India. [Vol. XLIII. 

Thickneae in 
feet. 

Middle Siwaliks . 1.300 . Deep orange and reddish brown olaya with 
grey sandstones and occasionally true 
conglomerate bands. 

Nurpur zone (?) . 20 . Red oalcareous nodular clay with a pisolitio 
ferruginous band containing Hipparion. 

Chinji zone . . 1,500 . Red concretionary bods and pseudo-con¬ 
glomerates with fossil wood in its lower 
portion. 

Lower Manohhar zone 1,000 . Sandstones and clayB of a paler tint with 

concretionary bands and containing fossil 
wood. 

The outcrop of the Upper Siwaliks is continued to. Darapur, 
and the same beds reappear in the Pabbi hills across the Jhelum, 

The highest beds in the series are loosely compacted sands, seen 
on the banks of the river, particularly at Rasul, where they have 

yielded Stegodon ganesa. The Jhelum, therefore, runs in a syn¬ 
clinal trough. All these localities have proved fossiliferous, but for 

the most part only in the uppermost 2,000 feet or so. The fossils 
found include, as I mentioned in my “ Preliminary Note the charac¬ 

teristic genera, Equus, Bos, Elephas (as the species E. hysudricus), 
Camelus, Sivatherium, and Dicerorhinus platyrhinus. The lower 
4,000 feet at Jalalpur are unfossiliferous, and in the Pabbi hills 
have yielded no identifiable fossil but Stegodon. Their beds are, 

however, clearly distinguished from the Middle Siwaliks, by the 
softer, coarser nature of the sandstones, the brown tint of sand¬ 

stones and clays alike and the greater frequency of pebble beds. 
The base of the series is not seen in the Pabbi hills ; we must 

therefore return to the Jalalpur section in order to become ac¬ 

quainted with the lower beds. The Upper Siwaliks pass down 
very abruptly into a succession of deep orange and red clays and 

grey sandstones which are, obviously, of an entirely different type 
to anything that occurs in the Upper Siwaliks. No identifiable 
fossil has been found in these, but immediately beneath them is a 

red nodular clay, with a peculiar pisolitic band containing Hippa¬ 

rion. I have already referred to this bed (page 269) and have 
given my reasons for regarding it as representing a passage zone 
between the Lower and Middle Siwaliks. Its lithological character 
prohibits its being regarded as Middle Siwalik, although at the 

same time there is nothing in the fossil evidence to prevent us 

1 Rec., G*d. Surv., Jnd., XI* p. 192. 
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correlating it with the Nurpur beds and regarding it as. formed 
during a slightly later period of sedimentation than is represented 
in the Lower Siwaliks of Chinji itself. Moreover, it is obvionsly ' 
the highest bed of the Lower Siwalik in this section, since im¬ 
mediately above it occurs a true conglomerate quite unlike any¬ 

thing older than Middle Siwalik. Assuming, then, that the 1,300 
feet of strata between this pisolitic bed and the brown sandstones 
of the Upper Siwaliks are Middle Siwalik, two points are note¬ 
worthy :— 

(1) their thickness is very considerably less than that of the 
Middle Siwaliks of Dhok Pathan (6,000 feet) or even 
those of Hasnot (4,000 feet), 

(2) the deeper colour of the clays is more like what one sees 
at the lower horizons of the Middle Siwalik, and very 
different to the pale red or reddish brown clays of the 
fossiliferous Dhok Pathan and Hasnot zone. 

Taking these two points in conjunction with the abrupt pas¬ 
sage into the Upper Siwaliks, it seems highly probable that the 
entire Dhok Pathan zone is missing, to say nothing of a consider¬ 
able amount of beds still lower in the series. Obviously, therefore, 
there must be a strong unconformity at Jalalpur between Middle 
and Upper Siwaliks. 

Now this series can be traced in perfect, continuity, except for 
a small interval near Jalalpur, where intense faulting complicates 
the recognition of the various beds, right into the Hasnot area where 
the Middle Siwalik series is much more fully developed even if not 
quite complete. The strata form an elongate synclinal basin of which 
the centre lies about three-quarters of the distance from Hatar to Kotal 
Kund. At Hatar there is nothing in the relations between the Middle 
and Upper Siwaliks appreciably different from what was noticed at 
Jalalpur. The thickness of the Middle Siwaliks has, however, increased 
to 1,700 feet. The transition from the one series into the other is 
just as abrupt. A mandible of a large Sus related to a specimen 
which Lydekker provisionally referred to Sue giganteus was found 
in the basal bed of the Upper Siwaliks, and 3,000 feet above this 
occurred Elephas planifrons. From the upper beds came Elephas 

hyaudricus, Equua, and Cervus aff. duvaucelli. ,At Kotal Kund the 
Middle Siwaliks increase still further in thickness, and higher beds 
of a paler tint gradually come in. These last contain fossils of a 

Dhok Pathan type not far below the base of the Upper Siwaliks 

d3 . 
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at Kotal Kund. The red nodular clays at a much lower level are 
also fossiliferous at Kotal Kund and have yielded species charac¬ 

teristic of the Chinji zone. Most important, however, is the fact 
that the lower 1,500 feet of the Upper Siwaliks is strongly fossili¬ 
ferous. Sus aff. giganteus and Sus hysudricus, Hippohyus, Meryco- 

polamus, Hemibos, Stegodon and Hipparion occur. Hippopotamus, 
is very abundant. Above this level but not more than 2,000 feet 
above the base of the Upper Siwaliks Elepha* plani/rons was found. 

Hasnot forms the centre of an extensive outcrop of slightly 

rolling beds of Middle Siwalik typo —grey sandstones alternating 
with pale reddish-brown clays often slightly concretionary and 
occasional pebble beds. These to the south-west dip under the 

Upper Siwaliks of Kotal Kund and to the north-east under those 
of Tatrot, while on the side of the Tilla ridge they turn up 
sharply and rest on the Lower Siwaliks. Their total thickness 
between the Tatrot plateau and Tilla ridge is just under 4,000 

feet. The fauna of the Dhok Pathan zone is found through a 
thickness of some 1,000 feet. Some 500 feet higher we encounter 
on the Tatrot plateau the same conglomerates, soft sandstones and 

clays, of a drab or pale brown colour, which were seen at Kotal 
Kund, quite distinct from the grey sandstones and reddish clays 
of the Middle Siwaliks. The fauna is identical with that of the 
Upper Siwaliks of Kotal Kund, with the addition of Mastodon 

sivalensis, and Bovine teeth. It is to be especially noted that 

these lower beds of the Upper Siwaliks, which I call the Tatrot 
zone do not contain Eguus or Elephas either at Tatrot or Kotal 

Kund. 

The basal Upper Siwalik conglomerate is extremely hard and forms 
a capping to a steep scarp with a dip slope of only 5°. As the 
Bhandar beds beneath are much softer, the plateau is cut into by an 
extensive network of stream beds and gullies. The conglomerate 

breaks off in large blocks and falls into the stream bed beneath. 
These blocks are carried by water far down the stream into 
the midst of the Middle Siwalik outcrop, and weather out in the 
course of years giving up their fossils to the industrious villager. 
Consequently the fossils collected by previous workers, notably 
Theobald, and labelled “Hasnot,” do not represent, as I had 

previously thought, a pure homogeneous fauna with perhaps a few 

species from older beds but have a strong contamination of Upper 
Siwalik species. It is easier than would at first sight appear to 
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separate the Upper Siwalik species, owing to the fact that the 

Bhandar beds forming the upper 500 feet of the Middle Siwaliks 
are generally unfossiliferous, while the distribution of the drainage 
is such that the fossils of the Tatrot zone never get carried down 
beyond the outcrop of the Bhandar beds. It iB, therefore, impos¬ 
sible that the Tatrot fossils should ever get mixed with those of 
the Dhok Pathan zone, the fossil localities of which are remote 
from the stream beds which carry down the former. 

We have seen that in passing from the Jalalpur area to that 
of Hasnot, a very considerable thickness of beds has been added to 
the Middle Siwaliks, so that the conformity is necessarily much 
diminished. As to the precise amount of the time-break still left 

between the two series, we cannot be certain in the absence of 
any fossils from the Bhandar beds. That there is a time-break is, 
however, rendered likely by the sudden change in the fauna between 

the Dhok Pathan and Tatrot zones, greater than can be accounted 
for by the 500 feet of Bhandar beds. Moreover, at Kakrala not 

far from Tatrot Microbunodon silistrense appears to have been 
found at the very top of the Middle Siwaliks, just beneath the 

basal Tatrot conglomerate. This evidence points to a greater un¬ 
conformity than the actual lithological appearance of the beds at 

this place would lead one to imagine. On the other hand, there are 
in places distinct appearances of a gradual passage from one series 
into the other. Again, the character of the Tatrot fauna inclines 
us on the whole to assign to it a rather older age than Middle 

Pliocene, while the Dhok Pathan fauna can hardly be older than* 
upper pontian. Hence, it is probable that in the Hasnot area the 
unconformity is small. 

Some 25 miles to the east of the Chinji area and near the village 
of Bhaun, which is situated 6 miles north-east of Kala Kahar, the 
synclinal fold mentioned above (page 266) is deeper than it is 
north of Chinji, and above the Middle Siwaliks we get a replica of the 

Tatrot beds including, according to Sub-Assistant Vinayak Rao who 
discovered these beds, some 2,000 feet of brown grits and clays, 
which contain precisely the same fauna as seen at Tatrot and 

Kotal Kund. A section through the beds of this area, adapted from 
Vinayak Rao’s diagrams and notes is represented in Plate 28, fig. 3. 

In the Sub-Himalayan region the Tatrot fauna undoubtedly occurs, 

Section* In ibe Sab- as all the genera and species mentioned above are 
Himalayan area. figured in the Fauna Antigua Sivalensis. It is also 
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certain that these characteristic genera and species have not been found 
by Sub-Assistant Vinayak Rao, in the highly fossiliferous sandstones 

and clayB lying beneath the boulder conglomerate zone in the Pinjor 
portion of the Siwalik hills. The latter region constitutes what I 

have called the Pinjor zone, and fossils have been found through a 
vertical distance of some 3,000 feet in it, but do not include Mery 

copotomus, Mastodon, Hippohyus, or Sue giganteus. It Beems, there¬ 

fore, highly probable that these types of the Tatrot zone do not 
extend higher than the basal beds. Hence, we may reasonably infer 
that those of Falconer’s Siwalik Hills species which are identical with 
those of the Tatrot zone, conic from essentially the same horizon,—a 
much lower one than the bulk of the Siwalik Hills fossils, though 

the localities from which Falconer obtained them are unknown. 
Whether the Tatrot beds represent actually the lowest beds of 

the Upper Siwaliks, or whether a stiU lower unfossiliferous zone 

exists in the Siwalik hills or Kangra, is again uncertain. Judging 
by the appearance of absolute conformity between Upper and 
Middle Siwaliks in the Kangra area, as well as by the greater 
thickness of the Upper Siwaliks, 1 incline to the opinion that the 
lowest beds of the Upper Siwaliks are met with in Kangra, these 
corresponding to the assumed break in deposit at Tatrot. .These 
beds will in that case be Lower Pliocene, though not perhaps 

lowest Pliocene, the latter position being possibly filled by the 

Bhandar beds. 

The Fauna of the Dbok Pathan Zone. 

The richest of all the Siwalik faunaB is that of the Middle 
SiwalikB of Dhok Pathan, Niki and Hasnot. Since a large number 
of the Dhok Pathan fossils were excavated from a single small spot, 
and since the fossils obtained from Nila, Mithrala and other places 
along thfe Soan river situated on the same fossiliferous outcrop, 
are free from any possible contamination with fossils either of an 
upper or of a lower zone, I adopt this as the type of the zone. 
At the same time, since the rich fauna of the Middle Siwaliks of 
Hasnot occurs at practically the same level and contains all the 

same species, I shall include with the Dhok Pathan fauna that 
of the Hasnot beds, even at the risk of possibly taking m one 
or two species belonging to the Tatrot zone by mistake. This 
fauna is also the most important of all, and on the age to whioh 

we assign it depends largely that of each one of the other faunas 
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I shall therefore consider at some length the evidenoe for corre¬ 
lating this horizon with that of Pikermi and Samos, which appears , 

to me to be overwhelming. 
I may first remark that as long ago as 1879 W. T. Blanford1 

noticed that many of the same generic types were common to the . 
Punjab and Pikermi, and therefore was inclined to regard the two 
deposits as homotaxial. Since, however, there was no stratigraphical 
evidence available for separating the beds of the Siwalik hills from 
those of the Salt Range, the faunas of the two localities were 
united, and such genera as Elephas, Equus, Bos and Camelus 

were included with the Pikermi types, and the whole referred 
to the Pliocene. Later, when an Upper Miocene age came to 
be adopted for the Pikermi stage among a certain section of 

geologists, there seems to have arisen simultaneously a vague tendenoy 
to restrict the Siwalik fauna to the Pliocene, mainly, no doubt, 
beoause of the supposed presence of the more modem types mentioned 
above. The supposed Helladotherium of the Markanda (now Indra- 

therium majori) had been previously shown by C. J Forsyth Major to 
belong to an entirely different genus from the Pikermi HeUadothe- 
rium duvemoyiy 2 and with the collapse of this evidence any serious 
attempt to correlate any portion of this fauna with that of Pikermi 
disappeared among this school, and the entire series of beds now 

classed as Upper and Middle Siwaliks were accepted without ques¬ 
tion as Pliocene. It will be seen, then, that my correlation of the 
Dhok Pathan zone—the only one which contains the true Pikermi 

type*—with the pontian of Europe is only a reversion to a view 

which was generally held twenty years ago. 
For purposes of comparison I have in the table which occupies 

pages 280—287, set the lists of the Dhok Pathan and Chinji faunas 
side by side with those of Pikermi, Saint Gaudens and Grive Saint 
Alban to emphazize the fact that the difference between tljese two 
Indian faunas is no less than that which exists between the faunas of 

two successive European zones. The new species contained in the 
lists are those which I have established since writing my “ Preliminary 
Note.” They are briefly referred to in the sequel. It will also be 

seen that a ew species previously noted as present in the Middle 

Siwalik are now removed from that position. This is because my 
last season’s work has shown an unsuspected contamination of the 

1 Manual of the Geology of India, 1st edition, p. 683. 
• Proe. Zool. Sec., 1891, pp. 323-386. 
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fauna of the real Dhok Pathan zone at Hasnot with Upper 

Siwalik species. The details of the discovery that a highly 

fossiliferous outcrop of the Upper Siwaliks is situated close to the 

village of Hasnot are more fully discussed on page 276 of 

this paper. Suffice it to say here that not all the species 

collected either by Theobald or Vinayak Rao and labelled 

“ Hasnot ” can be accepted as Middle Siwalik. I have now 

omitted from the Dhok Pathan fauna such species as I have un¬ 

questionable grounds for considering as belonging to the Tatrot 

zone. To the names of the species which I have not rediscovered, 

and which therefore might conceivably be Upper Siwalik, I have 

prefixed an asterisk. The species in our Indian deposits, which are 

nearly or quite identical with European species, I have italicized. 

List of Mammalian specie* from the Upper and Middle Miocene of 
Europe and India. 

l>hok l*athan 
Zone. 

• Palaeoplthecu* 
aivalen*lA. 

8emnop»thecuB (?) 
haaootl. 

•Macacua ftlvalmui*. 

l’ontUn of 
Europe. 

Lower ChtnJI 
Zone. 

Harmatlan of 
Europe. 

(?) Dryopillicrun 
rhcnaiiun. 

..1 J)ryopitheruA 
rlicnauuH. 

DryopitliectiA in- 

Dryopiti»rcuA fon- 
teril. 

Pllohylobates cp- 
pelahrlmcmis. 

riiopithecuA antl- 
quuH. 

Oreopit-becuA 
bum bo 111. 

Meao£ithecu* prn- 

DfMopA&U* carnl- 
frx. 

Hyoenarciu* lau- 
rUlordl. 

Hyacnarctu* attl- 
cua. 

Tortonlan of 
Europe. 
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List of Mammalian species from the Upper and Middle Miocene bf 
Europe and India—contd. 

Dhok Petban 
Zone. 

Pont Ian ot 
Europe. 

Harmallan of Tortonlan of 
Europe. Europe. 

•Hyaenarctua palae* 
indlcuB. 

Indarctua oalmon- 
turns. 

Hyaenarctua arc- 
toldr*. 

Uraavua drprratl. 

Uraua bdekht. 

Uraavua brcviritl* 
nua. 

1'ruvus prlmar- 
\ue. 

Amphieym e/. Ampliloyon glgan- 
leua. 

Aniphtryon major Am|ililryoii major. 

Ampblcyon paUrin- 
dtcua. 

AmpIUryon rhlnji- Am 
enaia. brl 

a|i In- 

Ampblcyon lydrkki* 
rl. 

P-rudarHm bava- 
itous. 

Dlnocyon op. Dlnocyon tbenardl. 

Ilonilcvon 
clicnal*. 

gorla- 

Hlmocyon dlnplio* 
nis. 

HnpiojeU tp. 

Muatrla pcntelld 

ProxncphJtls laito- 
tL 

Muatrla lartcti. 

Muatrla regia. 

flaplogalc muta- 
tum. 

Pro pu tori u* sp. 

Muatrla delphlneu- 
al*. 

Muatrla transit*)- 
rla. 

Muatrla fllholi. 

Trochictla liydro- 
cyoij. 

Pro mr Ira paler- 
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List of Mammalian species from the Upper and Middle Miocene of 

Europe and India—confcd. 

Dhok Patton Pontl«u of 
Europe. 

Lower OhluJI } flannatUn of 
. one. i Europe 

TortouUn of 
Europe. 

•Meillvorodon palao- 
lndlcus. 

•MeUlvora punjabivu- 
■I*. 

Potaiuottorlum (T) 
Imnnotl. 

J’oUmotlM-riuiu (?) 
"p ! 

Knliydrloduii cf. 
sivaleute. 

Lutra lieaelca. 

Lutru batliygnalliua 

IcUtherlum orblg- 
nyl. 

UpOtyatrut htmUnns IcUtherlum n»Uu»- 
turn. 

PaJAyatna hipporio- MliyMM hlppu- 
mum. | rlonura. 

Palhyaena Indka. 

Lyoyaena macroato- Lycyeen* chaere 

nyaenletia %rwc* 

Hyaena ej. axteiu* Hyaena cxlrnb. 

Kuliyrirlodoii cum- 
pa»l. 

l«utra lurteti 

ProgtneUa proava 

PoUmotlH'rium. 
frunconleum. 

. Lutru lortotl. 

ProgcnetU luoerta. 

Progenulta craa- 

Vlverra leptorhyn- 
cha. 

VIvcttu modioa. 

Vlverra atelnbei- 
monata. 

Hcrptstca cnuwuaj 

Her pus tea fllholl. 

Slvaelnroa ehtnjk'iw 

♦ 
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List of Mammalian specie* from the Upper and Middle Miocene of' 

Europe and India—contd. 

Dhok PaUmn 
Zone. 

Pontian of 
Europe. 

Lower 0>iln|l 
Zone. 

ParamacHa4rodu$ •/. 
•oWosssrf. 

Paramachaerodus 
schlosserl. 

Parum*cl>aerodu»i «p. 

"Aeluropsls a unco- 
i«||M win. 

Madisurodus apha- 
uistus. 

Maohaurodu* *p. 

Macluurodu* Jour- 
daul. 

MacJsierodus lour- 
danl. 

Macbaerodub *p. . 

Paeudaaluni* qua- 
diidentatus. 

Psoudadurus tran- 
sltorlui. 

Pseudaalurus lotto- 
tl. 

Foils sp. 

Frlis tutraodnn . Fells sJtteli. 

Fell* ip. Fells attics 

Bhtaomy* sltalonsi* 

Hystrlx prlmifenla 

•Hystrlx ilvalonsis . 

DlDotlicrlum *p. . DlnoLbcrlum ba- 
varlcuru. 

Diuotiiurlum levins. 

Dluotborlum Indkrum Dlnothorlum id* 
gautcum. 

DliK>Uicrlum peuta- 
potamlar. 

TtiraModon an?ui- 
tvims vmi. 

Totrabclodou an* 
Kustidens. 

Tetrabelodon sH- 
gustldens. 

Trtrabolodon fal¬ 
coner!. 

Totrabclodou corru- 
gatiu. 

Tetrabolodou pen- 
taUcl. 

* 

Tetrabotodon ma¬ 
crognat has. 

♦ • 

Tetrabelodou panja- 
blenst*. 

Tctrabclodon lon- 
glrostrfs. 

Mastodon ha*not 1. 
a 

Mastodon latldcn*. 

Mastodoa afl. latl- 
Ana. . • 
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List of Mammalian species from the Upper and Middle Miocene of 

Europe and India—contd. 

Dbok Patbau 
Zone. 

Htegodon ollftl. 

Htcgodon bombl- 
front. 

Pootlan of 
Europe. 

{BS£r punf*- 

Hlpparlon tlmobaldl. 

Hlpparlon obltholmi. 

Hlpparlon punja- 
bfrnae. 

Hlpparlon gracllo. 

Banna t lan of 
Kurupo. 

AeemtkfTxum #71. . 
my. tftmdnrlylum. 

Aooratherlum te- 
tradactylum. 

Torfonlan of 
Europe. 

A re ra thorium 
tel radar! y lum. 

Acrratherlum lydrk* 
kcrl. 

Aoeratherium ap. . 

Tclroccraa ip. 

Rhinoceros off. si Va¬ 
lencia. 

Challcotherlum (?) 
ap. 

Accra thorium In- 
rlalvum. 

Trlcoceraa ap. 

Teleoceraa gold- 
fuaai. 

Dlcerorhlmi* aehle- 
iermacheri. 

Challcotherlum 
gold fatal. 

Ancylothrrlum pen- 
MkL 

Pliylkrtfllon sp. 

Tcleorcraa brachy- Trlrorcrat brarhy- 
pua. pua. 

Dlorrorhinua 
atolnhHmensl*. 

Dlcororhluua tan- 
aanlrnala. 

Marrothorlnm 
grand r. 

Choc rot ho Hum pyg- 

Choorotherlum 
aanoantenae. 

H yothrH nmbom- 
mpringil. 

Hyothorlum aom- 
merlngll. 

Hyotherlum almor- 



Part 4.] Pilgrim : Correlation of the Siwaliks. 285 

List of Mammalian species from the Upper and Middle Miocene of 

Europe and India—contd. 

Dhnk Patlian 
Zone. 

Pontlan of 
Europe*. 

Lower ChlnJI 
Zone. 

ftaonatlan of 
Kuropu. 

1 

Tort out an of 
Europe. 

•Tetraconodon mag* 1 
nua. 

1 
8ua paiacoclioenia. ' 

8ua ap. 
but chocroldot. 

8ua punjablonai*. 
8aa major. \ 

i 
Potamochocrua (T) 

titan. 

w 

Putamochoerue (T) 
ap. 

1 
1 

HanltlMTlum achla* 
glntwoltll. 

Liatrlodon ap. Lulrxudon pfnla- 
jxdanur. 

LMrtodnn aplrn* 
dcua 

Uatrlodon apian* 
dena. 

Liatrlodon ap. 

Miorobuuodou allla* 
trauar. 

Mlrrnbunodon 
aillatrrnar. 

llamlmaryx puall- 
lua. 

McryropoUmu* c f. 
dtaalnillia. 

Mcrycopctamu* ap. 

lll^popotamua irava* 

Dor ra bn nr ap. 

IhirtmhHPt tifUtrtt- 
coO trio idea. 

Dorratlirriuni 
craaaum. 

DorcntlMTiam 
Jotirdaiii. 

Dorrathorluin 
ml no* 

j Dorcmtherloxn 
jourdani. 

DurratlMTiura ■!». Dorcotbrrium 
prneckol. 

Dorratlwrium 
gontlanum. 

DorcaLhrnum inajuM ]>n mi thorium 
naui. 

nor^Bthrrium 
rnajus. 

Palwonirryx, 5 aja- 
ck-a. 

Mleromcryx flour- 
enaianua. 

Mlcromeryx tlour- 
cnslanua. 

Dlrrocrrua efegana. 

Dlcrocrrua ap. . Dlcroccrua forcatua 

Dlcroceroa penU- 
lld. 

• 

•Cervua (?) aimpll- 
cidcna. 
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List of Mammalian species from the Upper and Middle Miocene of 

Europe and India—contd. 

Dhok pathan 
Zone. 

PootJan of 
Europe. 

Lower Cblnjl 
Zone. 

ftarmatlan of 
Europe. 

Tortonlan of 
Europe. 

•Orvtu (t) triplJ- 
dena. 

Capreolaa mathe- 
ronl. 

PropaUromrryx 
•Ivalrnela. 

Olraffokrryx pun- 
Jabtenal*. 

Helladothrrlum 
duvernoyl. 

Helladotherlura 
grande. 

Vlahnutherlum 
IraVatican. 

Pahaol ragua rouenl. 

Mamothrriurn bola- 
aerl. 

Alrtoephalu* neu- 
meyrl. 

Hydaapltherlam blr- 
raanlcnm. 

Hydaapltherlam 
megnoephaloro. 

% 

Hydaapltherlum 
magnum. 

01 raff a punjabtenala Olraffa attlra. Olraffa *p. 

Antelope (gen. ind.) 
nanaanlenei*. 

• 

Antelope (gen. 
Ind.) Inna too. 

Antelope (gen. 
Ind.) 1 plod on. 

Antelope (gen. Ind.) 
martlnlana. 

Antelope (gen. Ind.) 

Antelope (gen. 
Ind.) rrtatata. 

Antelope (gen. 

Trafootntt indie*! . j Tragorerua amal- • 
thewa. 

1 
inn.) rnwtiA. 

Tragooerua §p. . 1 Tragocerua valen- 

I 

I 
i 

Paeodotrasu* 
c*prfoornlft. 

1 
i Protoryx carol I • 

V7 
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List] of Mammalian species from the Upper and Middle Miocene of 
Europe and India—concld. 

Dhok Pa than 1 
Zona | 

Pootian if 
Europe 

lowor ChinJI 
Zoo®. 

Samatun of 
Korop® 

Protoryx henta- 
cheli 

ProtrMforrvM tap 

Protragoorru* 
i.lax at ns 

Protragorarua 
obaotxal 

Pathytragu* rrna- 
aiootnn 

Hti a paicarlnr anta • 
lop** n g* n n ap 

Palworraa lind< r- 
inayarl 

Rtrapalrarlna anta* 
lopa n g«n latl- 
drna Lytf ap 

Boaalaphua (?) lydr- 
kkm 

ProfragrUplun* 
iltUli 

ProtiagrUphu* 
akourt *i 

Pioatrap*icx m* 
woodward! 

Tragnn aa or\ xoi* 
dra 

Paiworvx (?) ap 

Palworxxap Palwoi yx palU»i 

Palworx x maJon 

Palwoi \ x atnt/rh 

Palwoi \ T insrna 

Prodamallama 
Xi at Hilda na 

Ante lopa (gan. 
md ) haupti 

Criotlui mm nrga- 
ltold«a 

• 

4 

Hara lla ap. 

Gaaalla (T)graril 
lima 

Oar alia ap OaialU hrrvtror- 
nla 

Gaaalla gandryi 

Gairlla dapeTdtta 1 

Olorrrn* rothll 
• 

Prokptoboa birroa- 
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Primates. 

The primates of the Middle Siwalik throw no certain light on 
the question of the correlation. In the Pikermi 
stage we find the first European representatives 

of the true quadrupedal cynomorphs, or Macaques. We have 
no proof that the Pikermi Mesopithecus pentelici is more primitive 
than the two species described as Semnopithecus asnoti and 
Macacus simlensis. The Pikermi species is very perfectly known, 
and were it not for the different proportion in length between its 
fore and hind limbs, would infallibly be referred to Semnopithecus, 
from which genus it cannot be distinguished by its cranial or 
dental characters. As the Indian species is known only by its teeth 
it would not be a matter for surprise if future finds should show 
that it is really Mesopithecus. On the other hand, the absence of 
ancestral types in the sarmatian and tortonian of Europe leads us 
to infer that the Macaques are emigrants, so that it is not sur¬ 
prising that we should find in the Upper Chinjis (or possibly the 
lower beds of the Middle Siwaliks, Bince the precise locality of the speci¬ 
men referred to was not definitely fixed) a primitive monkey of small 
size which certainly seems as if it should be referred to this type. 

An unbiassed examination of the original specimen convinces 
me of the soundness of E. Dubois’ conclusion that the Middle Siwalik 
Palaeopithecu8 sivalensis, possesses characters so distinct from the 
modem Chimpanzee, as to prohibit its being placed in the same 
genus.1 R. Lydekker’s original differentiation is therefore justified. It 
is interesting to note that a still more primitive species of the 
same type has been found at Hari Talyangar, in the Bilaspur 
State, which, from its strati graphical position and the associated 
species, can be referred as nearly as possible to the Nagri zone. 
This particular anthropomorphous type of ape has not yet been 
found fossil elsewhere than in India, but it should be noted as 
affording evidence* of the antiquity of all the modern anthropoid 
types, that Pliohylobates eppelsheimensis is of pontian age, while 
Pliopithecu8 antiquus, is a widely spread tortonian species of 
Europe, closely allied to the living gibbon. The genus Pliopithecus 
iB found at least as far back as the helvetian strata of Sansan, 
and according to L. Mayet in the burdigalian beds of the Sables 
de I* Orlfianais.2 

1 Dubois, Uober drio ausgeatorbone Menschenaffen, Neues Jahrb, /. Min. 
(1897), p. 83. 

1 Ann, Univ. Lyon. Faac. 24, (1908), p. 244. 
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Of the greatest importance for correlation ia the occurrence at 

c#riIv#r^ Haanot of an animal whose lower dentition is 
indistinguishable from that of the widely spread 

Palhyaena hiparionum. The entire dentition of Lepthyaena sivalensis 

is now known to me through recent finds. It is hardly distinguishable 
generically from Ictitherium, the differences being in the nature of a 
transition into Palhyaena. This special type, intermediate between 
the Viverrids and the Hyaenids, becomes praotioally extinct with 
the oloBe of the Pikermi period. It occurs in the lignites of Casino, 

considered by C. Dep&et and H. F. Osborn as of Lower Pliocene age. 
It should, however, be remarked that the mandible provisionally 
referred by Lydekker to Hyaena sivalensis, possesses features which 

would render an identification with Palhyaena just as plausible. 

The Pikermi Lycyaena chaeretis is closely allied to the very oommon 
Dhok Pathan species Lycyaena macro stoma. Amongst the true 
Hyaenids, Hyaena eximia or a closely allied form has been found at 
Hasnot. On the other hand the Hyaenas of the type of H. oroouta, 
which appear in the Pliocene of Europe for the first time, are 

equally absent from the Middle Siwaliks, although their represen¬ 
tatives exist in the Upper Siwaliks as H. oolvtni and H. felina. 

Another mandible from the Middle Siwaliks of Nila, may be 
referred to the Chinese species H. gigantea, of Pikermi age according 

to Schlosser and differing little from H. eximia except by its 
greater size. 

Amongst the Ursids, the genus Hyaenarctus is represented in 
the Dhok Pathan fauna by two species H. punjabiensis and H. 

palaeindicus. Of these H. palaeindicus is a peculiar form showing 
certain dog-like affinities which do not admit of a comparison 
with European species of Hyaenarctus, but suggest a specialized 
form of Dinocyon. In Europe the genus first appears in the 
sarmatian of Monte Bamboli as the species H. launUardi. This 
species is known only by the mandible, which in its structure 

resembles H. punjabiensis. It is, however, very much smaller and 
obviously more primitive. H. cUticus of Pikermi was also ..established 
on a mandible, which is moreover badly preserved, and contains but 
two molars. As far one can judge, it is allied to H. punjabiensis. 

H. insignia of Montpellier, though showing distinct points of resem¬ 
blance to H. punjabiensis, is apparently a more advanced type. 
The upper teeth have been figured by P. Gervais.1 H. G. Stehlin has 

\Zfi6L pt Pal. Fra»o. PI. LXXXI, fig>. 3-7. 

I 
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described with some care the mandible of the same species and men¬ 
tions features which look like later developments.1 In addition there 

are the upper molars of Alcoy and the Red Crag which are more 
nearly related to H. sivalensis of the Upper Siwaliks. 

The genus Vrsus already exists in the Upper Miocene of Europe 
as the species Vrsus bocJchi from the Bohnerz. This form is derived 

from Vr8avus of the stage of Simorre. Vrsus has not, however, 
been found in the Middle Siwaliks but from Hasnot comes the 
maxilla of a bear containing m1 and m2, of which the latter possesses 

a distinct rounded talon. On account of this very remarkable 
character, combined with certain Hyaenarctus-like features I consider 
it worthy of generic distinction and propose for it the name of 

Iniarctus salmontanus. This may very likely be derived from the 
Vrsavus type. In structure it somewhat resembles the Malayan bear 
Helarctos malayanus, but is twice the size. The recent form may 

possibly be a degenerate descendant of the Middle Siwalik species. 
It is, however, worth mentioning that so far as one can gather from 
the very meagre account of the European species Hyaenarctus 

arctoide8 described by Dep^ret from the pontian of Montredon2, 

it seems to be very closely allied to the Hasnot maxilla. The 
measurements of the latter are as follows :— 

Length of m* . . . . .35 mm. 

Breadth of m’.27 mm. 
Approximate length of ml . .28 mm. 
Approximate breadth of ml . . . 25*5 mm 

I am not aware how far these conform to those of Hyaenarctus 
arctoides. It must also be borne in mind that the mandible figured by 
Lydekker in Pal. Ind. ser. 10 Yol. Ill, PI. XXXI, figs. 2,3, was 

only provisionally referred by him to the maxilla of Hyaenarctus 
palaeindicus, and there is quite a possibility that it belongs to 
the species now under consideration. If this is so, there is an even 
greater likelihood that these two species Indarctus salmontanus and 

Hyaenarctus arctoides are representatives of the same curious type. 
The Mustelidae are represented both in the Pikermi and Dhok 

Pathan stage by genera which only differ slightly from recent 

genera, and by species which can only be referred to existing 

genera. The types found are, however, different in the two regions. 
Thus at Pikermi we have Promeles and Promephitis, and in the 

i Bull. Boc. Oeol.. Franc* (4) VII, (1907), p. 219. 
* Compks Bendas Acad. Set. Parte, CXXI, (1895), p. 433. 
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Middle Siwaliks Mellivorodon; at Pikermi Mustela and at Hasnot 
MeUivora. 

Coming to the Lutridae both Lutra hessica from the pontian 
of Eppelsheim and Lutra bathygnathus show affinities to reoent types. 
In another species of otter found at Hasnot there is a very 
close approximation in structure to the type of Potamoihenum 

valetoni of the Upper Oligocene and Lower Miocene. From Hasnot 
also comes the genus Enhydriodon, described by Falconer from an 
unknown locality in the Siwaiik Hills—presumably Upper Siwaiik— 
and from the sarmatian of Monte Bamboli. 

The Felidae of the Middle Siwaiik provide us with another 
important identity with a characteristic pontian species. There is 
a curious type, possibly seen in the rather poorly preserved man¬ 
dible from Eppelsheim described by Kaup under the name of 
Fdis ogygia, and certainly existing in Machaerodus schlosseri of 
Pikermi and Machaerodus orientals from Maragha, and two species 
from the Dhok Pathan zone of Hasnot. M. Boule1 in reviewing 
these extra-Indian ones has referred them all to the same genus 
and very justly remarks that the absence of a symphysial expan¬ 
sion and the comparatively short diastema clearly separate them 
from Machaerodus. He prefers to regard them as Fdis. But it 
seems to me that the diastema is too long for any Fdis, from 
which genus these species also differ by their square*chin and the 
large upper canine possessing a ridge behind (seen only in the 
Maragha specimen). To meet the difficulty, I propose to unite 
all these under the new generic name of Paramachaerodus. 

In any case one of these species is almost, if not quite, identical 
with Machaerodus schlosseri. 

This type appears in the pontian of Europe for the first time, 
and it certainly cannot be on the line of Machaerodus, and al¬ 
though a remote connection may be traced to Adurictis it is 
more probably a migratory type. Now two other mandibles* show¬ 
ing the same structure but in a more primitive condition, with a 
longer diastema and pm2 present, exist in India, one described by 
Lydekker under the name of Adurictis sivalensis, from atf unknown 
horizon of the Salt Range, and another still more primitive from 
the Chinji zone. There is no denying that facts point to the exis¬ 
tence in India previous to the pontian, of the forerunners of the 

1 Butt. Roc. OeoL France. (4) I (1901), p. 669. 
* I provisionally assign these to the new gennj Sivaelurus founded on a maxOU 

from Chinji (see page 314, footnote). 

s 2 
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Rodeo tis. 

Paramachaerodus type. As soon as migration became possible from 
Asia into Europe the type passed over, and appears both at Maragha 

and Pikermi as a species in the identical stage of development with 
its Indian contemporary. 

Fdis occurs at Hasnot, but the specimens are not sufficiently 

well preserved to afford good specific determinations. 
The only member of the Canidae found in the Middle Siwalik 

.is Amphicyon lydekkeri9 a large species but quite distinot from the 
Lower Siwalik species which are allied to the large European 

species of the burdigalian and helvetian. It should be remembered 
that Amphicyon does not persist into the pontian of Europe, the 
Canids being represented by Simocyon only. 

This order is but scantily represented in the Middle Siwalik. 
The only genera known are Hystrix, by a 

species not particularly closely allied to the 
Pikermi Hystrix primigenia and a Rhxzomys. The existing genera 
of this order are, however, recorded as far back as the burdigalian. 

The evidence afforded by this class of animal is really the most 
complete of any. The ancient genua Dino- 
therium makes its final appearance in the 

Middle Siwaliks of India as in the pontian of Europe, being in both 
stages of much rarer occurrence than in the earlier deposits. There 

is, however, no doubt that it is a Dhok Pathan genus as its dis¬ 
covery at Nila1 has been confirmed by another find at a horizon 

considerably above that of Nagri. 
The genus Tetrabdodon is known at Pikermi by the specieB T. 

pentelici and T. longirostris. In the Dhok Pathan zone its existence 
is clearly proved by the beautiful specimen of a mandible from 
Hasnot, which R. Lydekker figured with its extended symphysis 
under the name of Mastodon pandionis* This species is an exceed¬ 
ingly common one in the Dhok Pathan zone, and I now have a 
complete knowledge of its dental structure. The type of Tetra- 
hdodon pandionis is an upper first molar, of whioh the locality 
is not precisely known but which Lydekker considers with a fair 
show of p|pbability to have oome from Sind.s That the specimen 
is of very much’ greater age than anything in the Middle Siwaliks 
is indicated by, its. strong resemblance, though in a more advanced 

Proboscides. 

n . * Rcc.t Qeol Surv., IndXL, p. 
• Pal. Ind.t sor. 10,1, p. 213, pi. 34-36. 

'*?•. 1 This specimen is figured in rale. Pal, Mews. I. PI. XXXIV. figs. 6, 7, apd PaL Ind^ 
J sot. 10, III, PL V, fig. 5, 
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stage of development to specimens obtained from the upper aquit- 
anian of the Bugti Hills by C. Forster Cooper. Further, the first and 
seoond molars of the Dhok Pathan species differ in struoture from 
the type of T. pandionis. It is necessary, therefore, that a new 
name should be given to the Dhok Pathan species and as the 
wrinkling of the enamel is a very striking feature I propose for it 

the name of Tetrabdodon comigatus. This is a trilophodont mastodon, 
like Tetrabdodon pentdiciy but the tetralophodont type seen at 
Pikermi in Tetrabdodon longirostris is also represented in the Dhok 
Pathan zone by a species which we may know by Lydekker’s name 
of T. punjabiensis. That it had an elongated symphysis is certain, 

although it seems likely that only the males were provided with 
lower tusks. The affinity between T. punjabiensis and T. longi- 

rostris is very close. 

Side by side with these two there occurs a type represented for the 

first time in Europe by Mastodon arvemensis of the lignites of Casino 
considered by Dep^ret as of lower Pliocene age. This is the species, 
which Lydekker has figured in Pal. Ind., ser. 10, Vol. I., Plate 44, under 

the name of Mastodon sivalensis. As Lydekker himself has pointed out, 
the Middle Siwalik species differs from Falconer’s M. sivalensis of the 
Upper Siwaliks (1) by being tetralophodont instead of pentalophodont, 
(2) by having the alternation of the columns very slightly marked. 

I therefore propose that the Middle Siwalik species be known as 
Mastodon hasnoti. It is true that Mastodon arvernensis shows 
signs of a slight advance in development in the direction of M. 

sivalensis, in the rather more pronounced alternate arrangement 
of the main columns and in the smaller number of accessory 
columns. Moreover, as the symphysis of Mastodon hasnoti is 
at present incompletely known, we cannot be certain that it was 
not longer and more primitive than that of M. arvemensis. If 

this should turn out to be the case no further proof would then be 
necessary that M. hasnoti was earlier than, if not even the imme¬ 

diate ancestor of M. arvemensis. At the same time no cogent reason 
appears for M. hasnoti failing to reach Europe in tl^ pontian. 
Still one might feel an equal degree of surprise at the non-migra¬ 

tion of Stegodon to Europe until the Pleistocene, although it abound¬ 
ed in the Dhok Pathan beds as well as in later deposits. 

This brings us to a line of development, which in all its earlier 

stages is entirely unknown in Europe. This is first found in the 

lower pontian deposits of Perim Island as Mastodon cautleyi of whioh 
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the last upper molar figured by Lydekker in Pal. Ind. aer. 10, 

Vol. III. p. XV, fig. 6, is taken as the type. In the Perim beda 
as well as in the Middle Siwaliks is found a further advance 
on this type in the species Mastodon latidens, with an increased 
number of ridges. Mastodon latidens is really entitled to a 

subdivision into two, a large and a small species, of which the 
former is to be regarded as the direct descendant of Mastodon 

cautleyi. The last species of Mastodon which can be referred to 

this line is the tooth from Lchri, of which the horizon is uncertain 
but may be possibly Upper Siwalik, figured by Lydekker in Pal. 
Ind. ser. 10, Vol. I, Plate 39, as M. latidens but which is better 

recognized as a new species, owing to tho almost entire absence 
of accessory columns, for which I propose the name Mastodon 

stegodontoides. So close is this to Stegodon difti that it is hard to 

separate the two genera. It will be seen that Mastodon stegodon- 
toides carries on none of its ridges more than the usual four columns 
while anterior ridges of Stegodon difti carry nine or ten mammillae.. 

The true Stegodon type however, appears in India before the 

extinction of the Mastodon cautleyi type which gave rise to it. 

So we find the species Stegodon difti and Stegodon bombifrons in 
the Dhok Pathan zone. From these originated by a .perfectly 

natural continuation along the same developmental lines the genus 
Elephas, in some period later than the Middle Siwalik. There is 
absolutely no trace of Elephas cither in the Middle Siwalik or in 
the Tatrot zone of the Upper Siwalik. It first appears as the 

species Elephas planifrons some 2,000 feet above the base of the 

Tatrot zone. 
In Europe a most important find of the same species has 

been made by Dr. Gunther Schlesinger1 in the Schotterberges 
north of Dobermannsdorf near Vienna. By an unquestionable 
correlation with the highly fossiliferous “ Belvedereschotter ” 
Dr. Schlesinger arrives at the conclusion that the strata exposed 

at Dobermannsdorf are of three ages, the lowest corresponding 
to a typical Pikermi fauna found in the Belvedereschotter, the 
next to a fauna of Middle Pliocene age similar to that of 

Montpellier, and the upper one to an Upper Pliocene fauna with 

Elephas meridionalis. He considers that the horizon at which. 
Elephas planifrons was found •cannot be later than Middle Pliocene, 

1 Schltainger " Studion fiber die Stain mosgeachichtc dor Proboacidior ” Jahrb. d. k.' 
CUoL JUichs. Vol 62, pp. 87-162, Vienna (1912). , . . 
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while it may even be earlier. Confirmation of this opinion cornea 
from another quarter. Madame Marie Pavlow1 has recorded the 
occurrence of Elephas afj. planifrons from Bessarabia, which probably 
is of lower Pliocene age. 

Elephas ia clearly a migratory type in Europe, showing no indica¬ 
tion of its ancestry in earlier deposits. On the other hand, 

since the earlier stages of its evolution are to be clearly recog¬ 
nized in the Mastodon cautleyi and Stegodon phyla of India, it seems 

probable that it originated in that country. It is therefore a 

priori to be expected that it should be found fossil in India even 
earlier than in Europe. To be on the safe side let us take 
Dr. Schlesinger’s latest age limit for his find and assume a Middle 
Pliocene age for the European horizon of Elephas planifrons. It is 
then obvious that its non-appearance in the Tatrot zone, supposing that 
the absence is a real one and not due to the imperfection of the fossil 

record, is an almost certain proof that this zone is lower Pliocene. Hence 
the Dhok Pathan zone, which is separated from the Tatrot zone not 
only by the Bhandar beds but also by a possible time break, cannot 
possibly be newer than upper Miocene which according to 
Deperet is the age of Pikermi. If, however, some subsequent 

discovery should bring to light a specimen of Elephas 

planifrons in the basal beds of the Upper Siwaliks, while at the 
same time the Middle Pliocene age of the same species in Europe 
should have been settled beyond dispute, it would then become 
necessary to modify somewhat the above conclusions. In that case 

it would be impossible to regard^ the Tatrot zone as much older 
than Middle Pliocene and the time occupied by the deposition of 
the Bhandar beds and the succeeding time-break would then repre¬ 
sent the Lower Pliocene, while it might be considered reasonable 
to include even the Dhok Pathan period or at least a portion of it in 
the lower Pliocene. It may be as well in this connection to point 

out that the German school of geologists including Dr. Schlesinger 
himself regard the Pikermi stage as Lower Pliocene and so immediately 
preceding the Montpellier beds and the zone of Elephas-planifrons. 

There would then be a good deal to say in favour of this view as 
opposed to that now held by Deperet and the French school. 

The most frequent and most characteristic genus of animals 

FerisiodactyU. 
met with in th^ Dhok Pathan zone is Hip- 

parion. There can be little doubt that it 

* Ma*ie Pavlow, Lott elephant* do la Buaaie, Mttn, Acad. 8ei. St Petersburg (1910), 
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attained a maximum during this period. It is decidedly less 
frequent at the Nagri horizon and in the Perim Island beds, while 

in the Upper Chinji zone only two or three specimens have been 
met with (see page 267). In the Tatrot beds its numbers have become 
very sensibly diminished, and in the upper divisions of the Upper Siwalik 
(if its occurrence is even certain) it is at all events extremely rare. 

From these facts alone one would be induced without further evidence 
to correlate the Dhok Pathan fauna with the widely distributed one of 
Pikermi and Samos, where the presence of the genus Hipparion in very 
great abundance has earned for it the name of the 1 c Hipparion fauna.’ ’ 
For the following reasons the appearance of the genus earlier in India 
than in Europe need not furnish any argument against this conclusion. 
The genus appeared suddenly in Europe and the fauna whioh it 
dominate? to such an exclusive and marked degree, was not heralded 
by one in whioh it occurs in lesser abundance, or more primitively 
constituted, such as might be expected when any particular form 
originates on the globe. It is absent not only from the fauna of 
Monte Bamboli but also from each one of the various deposits 

put on the Saint Gaudens horizon by Dep&et and referred by 
him to the sarmatian. This feature at once stamps it as a migra¬ 
tory * form and it is in fact well agreed that it came to Europe 
from Asia. It is extremely improbable that it originated in India, 

because none of the ancestral types have been found in that 
country. It iB far more likely, as W. D. Matthew suggests, that we 
must look in Central or North-Eastern Asia for its origin. Thence 
it must have migrated, first, equally to India and North America, and 

subsequently to Europe as soon as the barrier whioh hindered quad¬ 
rupeds from passing over, had been removed. Its occurrence, though in 
smaller numbers, in India prior to Pikermi times would thus be ex¬ 
plained. Considering the comparative isolation of India Jjoth from 
China and Persia even in Upper Miocene times, as evidenced by the 
respective faunas of the three countries, one can hardly imagine 
that the genus Hipparion reached India before it reached North 

America. It is, therefore, suggested that possibly the Ogalalla, 
Clarendon and Madison valley horizons, in which Hipparion occurs 
for the first time in North America, should be correlated not with 
the Pikermi stage, according to Osborn’s and Matthew’s present 

views, but with an earlier «me equivalent to that of the Upper 
Chinjia of India and of uppemost sarmatian age. 

'k Hipparion is represented in the Middle Siwaliks by three species, 
H. iheobaldi, H. punjabiense, and H. chisholmi. In the pontian 
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of Europe all species of Hipparion have hitherto been referred 
to the Pikermi species H. gracile. The type of this is clearly 
distinct from either of the Indian species. Lately, however, by 
the kindness of Dr. A. Smith Woodward, I have been enabled to 
examine a very large collection of Hipparion skulls of all ages 

made by him at Pikermi. I have found undoubted proof of the 
existence amongBt them of at least two species. One of these 

agrees perfectly with Gaudry’s type of Hipparion gracile, while 
the other does not present any very clear points of difference 
from Hipparion punjabierwe. The shape, sire and position of the 

facial cavity is the same in the two species; the 2nd milk molar 
shows in both the peculiar feature of a metacone isolated from 
the hypocone and of a reentrant fold of enamel in the antero* 

external angle while the permanent teeth are indistinguishable. 
It cannot be denied that this identity goes far to confirm the 
correlation of the Dhok Pathan and Pikermi horizons. 

Rhinocerotid remains occur in moderate abundanoe through¬ 

out the Siwaliks but generally as scattered and disjointed frag¬ 
ments. To work these out completely and determine the different 

lines of evolution and the species which represent the different 
evolutionary stages of each one of these lines, requires much more 
careful and prolonged study than it has at present been possible 
to give. It is, therefore, correspondingly difficult to arrive at any 
conclusions which are of value for correlating the deposits. The 

most frequent and characteristic Rhinoceros of the Dhok Pathan 
zone is the large species, of which a fine cranium was figured by 
Lydekker1 under the name of Aceratherium perimerue, but whioh 
seems separable from Falconer’s type from Perim Island; I have 

thought it better to give the former the name of Aceratherium 

lydekken* The latter is apparently met with in Burma as well 
as in the Salt Range. Neither of them can be compared with 

the Pikermi Aceratherium indtivum, though the premolars of the 

former are certainly more primitive than those of the European 
species. In the Chinji beds a much smaller species is found, whioh 
is very nearly allied- to Aceratherium tetradactylum of the tortonian 

and sarmatian of Europe, and which may be ancestral to both 

A. perimeme and A. lydekkeri. 

A 

‘ Pal. Ind.. ter. 10., Vol. II, Plate* I, II. * ■ 
. Roe., 0*1. Burn., Imt, XL (1810), p. 66. | .»*' 
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The line of the true Rhinoceros represented in the Upper Siwa¬ 
liks by R. sivalensis seems to have been in existence in Dhok 

Pathan times. 
Although animals belonging to this order lived in India at this 

period their remains are too fragmentary to say 
Aacyiopoda. whether they should be regarded as ancestral to 

the Upper Siwalik Chalicotherium sivalense, or should rather be referred 
to the genus PhyllotiUon, of which representatives are found in the 

Lower Chinjis, or whether they belong to Ancylotherium, the Pikermi 
genus, about which as little is known. 

This family became extinct in Europe in the burdigalian. No 
significance must, however, be attached to 
the fact that a tetraselenodont type persisted 

in the Lower Chinjis in the genus Hemimeryx, leading to the highly 
specialized Merycopotamus, which we find in the Tatrot zone of 
the Upper Siwaliks as a species which cannot be distinguished 
from the Middle Siwalik form. 

Nor even is it any proof of the antiquity of the deposit that the 
genus Microbunodon^ is found as the same species M. silistrense 

from the Lower Manchhar zone right up to the top of the Middle 
Siwaliks, in a form differing but little from the last European 

representative. Such survivals in one particular part of the world 
of ancient types, which have become extinct elsewhere, can be pa¬ 
ralleled by many other instances. 

The work at present done on the Suidae of the Siwaliks is 
insufficient to afford a satisfactory basis for 
classification. The difficulty of such work is 

enhanced by the fragmentary nature of the material. A good 
example of the results, which such specimens are apt to bring 

forth, is shown by the designation Sus hysudrious under whieh 
have been placed pigs of every degree of size and development 
occurring from the Lower Manchhars of Sind up to the Boulder 
conglomerate zone of the Siwalik Hills. H. G. Stehlin has re¬ 
cognized amongst these two distinct lines, the one referable to 
Potomocheerus and the other to the true Sus and I have no doubt 

that there are several others of greater or less importance. 
A gradual transition can be traced from the Sus of the Chinji 

beds which has a short last molar and large anterior molars, ap- 
proximating to the type of Hyotherium sommeringii, through the »<, Siwalik forma, where the increase in length of the last 

SuMae. 
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molar is clearly to be seen, representing a stage comparable with 
Sue palaeochoerue of Eppelsheim, until we reach the Tatrot zone 
where we are introduced to a more modem type in which the 
last molar has increased in length out of all proportion to the 
anterior molars.1 The Potamochoerue line seems not to have reached 
Europe until much later than it makes its appearance in India, 

when it is found as the species Potamochoerue provincial^ in the 
Middle Pliocene of Montpellier. Potamochoerua giganteue of the 
Upper Siwaliks of India represents the limit of size attained 
by the direct line. The mandible referred by Lydckker to Sue 

giganteue belongs to a line in which the premolars have enlarged 
in the same way but to a much less degree than in Tetraconodon. 
This specimen probably came from the Dhok Pathan beds of 
Hasnot, but the type is represented at the very base of the Tatrot 
zone by a mandible in which the enlargement of the premolars is 
even greater. 

The large Sue titan has been referred by H. G. Stehlin to Potomo- 
choeruey but it is at any rate not on the direct line. Although it 
is in no way related to Sue major, the largo pig of Pikermi and 
Eppelsheim, yet it is worth noting that these gigantic pigs make 
their appearance for the first time in the Dhok Pathan zone as 
they do in the pontian of Europe. Smaller species allied to Sue 

titan occur both in the Dhok Pathan beds as well as in earlier deposits. 
An altogether smaller species of pig occurs in the Dhok Pathan 
zone, described as Sus punjabiensi8y which may be an ancestral 
form of Hippohyue. Sanitherium echlagintweitii is a species of 

which the exact horizon is unknown. 
The genus Lietriodon has not been found either at Dhok Pathan 

itself or at Hasnot. Specimens were, however, recorded from Niki 
by Theobald and a specimen brought to me when I was encamped 
at Hasnot seems not to have come from a very low horizon, 
though perhaps rather lower than the Dhok Pathan zone. On the 
whole, we must conclude that Lietriodon should be included in 
the Dhok Pathan fauna, but that it was very scarce. As it died 
out in the tortonian of Europe its persistence in India is note¬ 
worthy. 

The genus Hyotherium is absent from the Dhok Pathan fauna. 

The species Hyotherium cf. eindienee of the Chinji beds has, however, 

* It should bo noted that the mandibles figured by Lydekker in Pal Ind., ser. 1C, Vo], 
III, Plate VIII, figs. 2, 3 belong, if we may judgo from the nature of the matrix, to the 
Tatrot aone. 
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lett a descendant in which the enlargement of the premolars, so 

characteristic of that Bpecies of Hyotherium, haB proceeded to an 

excessive degree. This is the remarkable species described by 
Lydekker under the name Tetraconodon magnus, though it is more 
than doubtful whether it belongs to the same typo as Falconer’s 
speoies from the Siwalik Hills, now known to us only by a woodout in 

the Palaeontological Memoirs. Interesting intermediate types have 
been found in Tetraconodon minor from Burma,1 and Hyotherium 

indicum Lyd. sp.1 from the Nagri horizon. 

HlppopoUmldae. 

Although the genus Hippopotamus is decidedly rare at the Dhok 

Pathan horizon, in very striking contrast to 
its abundance in the Tatrot beds, yet there 

seems to be undoubted evidence that it does occur. The specieB 
H. iravaticus occurs in Burma, where it is said to be associated with 
fossils of a Middle Siwalik type at the very base of the Irawaddy series 

and the same species seems to have been found in the Hasnot beds, 
while teeth of the genus come from Dhok Pathan itself. 

The earliest record of the genus in Europe is from the lignites of 

Casino8 referred by C. Deplret to the Lower Pliocene and apparently 
slightly newer than Pikermi though regarded by some geologists 

as part of the pontian. C. W. Andrews has discovered an allied species, 
which he has provisionally referred to H. hxpponensxs Qaudry, 
in the Wadi Natrun in Egypt4 associated with a fauna which at 
all events points to an age no lator than that of the Casino lignites. 

It should be noted that the type of this species was described by 
A. Gaudry 1 from the Pliocene or early Pleistocene of Algeria. Its 
appearance in India earlier than in Europe is not, however, dis¬ 

cordant with probability for the following reasons. The origin of 
the genus is very obscure. There is, however,, some reason to sup¬ 
pose it to be a specialized branch of a Merycopotamoid line and 
there is no doubt that it shows certain features in common with 

Merycopotamus which favour this view. Now, nowhere else in 
the world among known fossil localities of Miocene age do the 
Anthracotheriidae and in particular the Merycopotamoid line of 

the family, present such a varied type of development as in India. 

• Her , Qeol. Surv, Ind., XL. p 07. 
• Pal. Ind., aer 10. II, p. 349 ; /fee , Qeol Surv, Ind., XL., p. 190 footnote j infra, 

b »!»• 
• Pan Wee lli Menu B. Accad Ltncei, (3). Vol. in, p. 309 (1879). 
4 Choi. Mag. (4). vol. IX, (1902), p_434. 
• BuU. Sac. Choi. Francs (3), vol IV, (1876) p. 001. 
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It ia therefore reasonable to place the centre of dispersal of the 

group, not necessarily in India, but at all events in seme region 

not very remote therefrom, probably in the direotion of Afrioa,: : 
possibly in central Africa itself. In the Miocene deposits of suoh .. 
a region should one search for the origin of the genus Hippopo¬ 

tamus, and an earnest of the success likely to attend such a search 

is the occurrence of a fully developed representative of the type 
in pontian strata of the Middle 8iwalik. The recent discovery 

of a species of Merycopotamus in the pontian of Tunis1 does not 

militate against this view, as the Merycopotamoid type is of 
ancient origin, witness the occurrence of the species Hemimcryx 

affinis in the upper aquitanian beds of the Bugti hills, and Mery¬ 

copotamus africanus may easily have been an emigrant from the 

South or East. 

It is of interest to recall the record by M. Sohlosaer of Hippo¬ 

potamus in supposed association with a 41 Hipparion fauna ” of Pikermi 

age in China.1 r*j •* { 

The Giraffidae^ afford one of the most striking instances of the 
sudden appearance of a group in the pontian 

” #e* of Europe, which had been quite unknown 
there previously. The distribution of the group points with some 

degree of probability to its arrival by way of Asia. Its history 
in India gives us one of our most complete proofs for the pontian 4 
age of the Dhok Pathan zone. There we find side by side with Oiraffa 

punjabiensis, paralleled by Oiraffa Mica at Pikermi, the large genus 

HeUadotherium allied to the Pikermi species H. duvernoyi and the 
almost equally large Vishnutherium. The Palaeotragine group, in¬ 
cluding the genera Palaeotragus, Samotherium and Alcioephalus 

has not so far been recognized in India. This may, however, be 
due to the scantiness of the material so far found. On the other hand, 
allied forms possessing a complex horn development occur in the genus 

Hydaspitkerium in the Dhok Pathan zonejmd as Bramatherium in the . 

rather older Perim Island beds. As we should expect if the strata 
below the Dhok Pathan zone were older than Pikermi age, we 
find ancestral Giraffine types even in the lower beds of the Middle 

SiwalikB in the shape of a small Helladotherine, perhaps referable 

to the genus Giraffokcryx, in the Nagri beds, and a small species • 

* M. Boole. 8or quelquce Vertfbrdi foeails du sod de U Tunkie, C. R. d. Acad, Sd, , 
Parii., CL, (1010) p. 512. 

• Abh. d. k. B, A Lad. WU4., MjlncMen, XXII, p. 95, (1906). 
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of Qiraffa in beds of similar age at Hari Talyangar. From 
the latter locality comes a large Giraffoid mandible in which a curi¬ 
ous feature is the bilobate character of the last column of the 

last lower molar. In the Chinji zone the primitive character of 
the Giraffine type is evident in the genus Giraffokeryx, which is 

on the line of Helladotherium and in Propalaeomeryx (described 
under the name of Progiraffa). 

Amongst the antelopes which frequented the plains of Europe 

. .. in pontian times it is agreed that the 
B<>Vl<Ue. • A J • *1 ifij, 

cerinae were preceded in the Middle 
of Europe by ancestral forms. M. Schlosser1 regards Antilope clavata 

of Sansan as the ancestor of Tragoceros, Pseudotragus and 
possibly Protoryx and Protragoceros chantrei of La Grive Saint 
Alban as having given rise to Pachytragus. Schlosser2 also doubt¬ 
fully refers an antelope with large teeth from the supposed sar- 

matian of Casteani to the genus Palaeoryx, while he suggests8 that 
Antilope haupti from the same locality and another from the pon¬ 

tian of the Swabian Bohnerz, both with exceedingly hypsodont teeth 
may be related to the pontian Chinese genus Paraboselaphus. An- 

tilope graciUima from the supposed sarmatian of Monte Bam- 
boli is also very hypsodont, and Schlosser suggests4 that by its 

small size it may be related to the Gazelles. 
The widely spread and characteristic pontian genus Tragocerus 

(not found in beds of a later age in Europe) is plentifully 
found in the Dhok Fathan horizon of the Middle Siwaliks, the 
most common species being almost identical with the Pikermi 
Tragocerus amaltheus. That it is not a later survival in India is 
proved by the fact that in the Chinji zone the same type of ante¬ 
lope abounds, but possessing much more primitive characters and 
very closely allied to the helvetian Antilope clavata and the 
tortonian Protragocerus chantrei. Notwithstanding the sarmatian 
forms doubtfully considered by Schlosser to show relationship to 

the genera Palaeoryx, Gazella and Paraboselaphus, it will be freely 
conceded that one of the most striking features of the pontian is 
the sudden appearance of large numbers of antelopes of a decidedly 
modem type now confined to Africa. Such are Prodamdliscus 

1 M. SchloBner, Die iosailen Cavioomia von Samoa, Beiir. Pal. Qeol. Ost. XJng.t XVII, 
p. 94 (1909). 

• Ibid, p. 78. 
• ibid. pP. 79, sa 
9 Ibid, p. 79. 

Trago- 
Miocene 
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(Bubalidinae); Palaeoryz and Imgoreat (Hippotraginae); Pntew 

gelaphus and Palaeoreae (Tragelaphinae); Gazdla (Antilopinae). 
It ifl perfectly certain that these are migratory forms from 

Africa or Asia or from both. The fact that the pontian fauna 
of Persia and China is more nearly allied to that of Europe than 

to that of India seems to indicate that the line of migration was 
not from Africa through India to China, but from China equally 

to India and Europe, India being possibly even then a somewhat 
isolated area. The discovery by J. C. Merriam1 of Strepsicerine 
antelopes in the Lower Pliocene of North Amerioa points in the same 
direction. In ary case it is certain that India must have been in 
connection with their original centre of dispersal. It is also probable 

that their arrival into Europe took place for the most part, even if not 
entirely so, in the pontian. 

Let us see now how far the history of the group in India 

affords evidence for the correlation of the deposits. Unfortunately 
large antelopine teeth though very abundant in the Dhok Pathan 
zone are generally solitary and association of molars and premolara 
or of teeth and skulls or horn cores occurs but seldom. The 

tragelaphine group is, however, represented by the species described 
by Lydekker as Taurotrague (Oreat) lalidens, a large form having 
horn cores with a slight spiral twist. Its stage of development 

corresponds to that of the pontian Tragelaphinae, but it cannot 
be referred to any hitherto described genus. An ancestral form to 
this species and possibly to Prolragelaphus and Palaeoreae is found 
in the Chinji beds. 

The genus Palaeoryx seems to occur in the Dhok Pathan zone, 
found also as a smaller species in the Upper Chinji sone. 

Lydekker, again, has described a species from Perim Island 
under the name of Strepsiceroe falconeri.* Perhaps under the im¬ 
pression that many of the special features of this skull were due 
to crushing and deformation after death, he was led to refer it 

to the recent genus. A careful examination of the specimen has, 
however, convinced me that the peculiar flattening of the frontals 
is natural. This character united with the absence of a lacuna 

between the lachrymal and the frontal, the rugose structure of the 
enamel of the teeth and the presence of a strong interoolumnar 
tubercle, are against any very close relationship to Slrepeiceroe. In 

1 Unit. Cal. PM. Bail. Dap. Qeol., V , No. 22 (1008), pp. 31»—330. 
* Pal. Ind., »or. 10, IV, p. 8. 
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some respects it seems to approach Bosdaphus, and may he the 
ancestral form of the Dhok Pathan species, of which Lydekker 
figured the teeth under the name of Bosdaphus tp. and which 
the present writer referred to as Boselaphus lydelckeri} I am now 
of the opinion that these teeth cannot belong to the genus Bos- 

elaphus, though they may be ancestral to it, and as I cannot 
assign them to any other genus, it will be necessary to establish 
a fresh one. 

The genus Qazella is found in the Dhok Pathan zone and is 
represented by a smaller species in the Chinjis. 

Thus it will be seen that the presenoe of large antelopes of 
a modem type in the Dhok Pathan zone, which are preceded by 
species in lower zones which may be regarded as ancestral to 
them, and are in some cases decidedly more primitively constituted 
than those of Pikermi and Samos, indicates that the Dhok Pathan 
species are of pontian age. 

As compared to the pontian of Europe a rather modem look 
is given to the Dhok Pathan zone by the supposed presence of 
an ancestral form of Leptobos. This specimen is labelled 4 4 Ava 9 9 

and it seems probable that it belongs to the Middle Siwalik of 
Burma.1 Even should this be found correct, it is no njatter for 
surprise that a species of the most primitive of the oxen which 
shows features still more akin to the antelopes than the Upper 
Siwalik Leptobos fdlconeri should appear as early as the pontian 
outside of Europe. I venture to name the specimen Proleptobos 

birmanicus. 

ms To sum up the arguments contained in the 
Is U*ow7ol f^pootfin preceding 17 pages, the pontian fauna of 
age far tie Dhok Pathan Europe is recognized to consist of three 

a0BC‘ parts :— 

(1) The indigenous types, of which ancestral forms are to be 
found in the sarmatian and tortonian of Europe. 

(2) A migratory type which has reached Europe by way of 
Africa. 

(3) A migratory type which has reaohed Europe by way of 

Asia. 

» Rec., Oeol. Burv., Ind.t XL, p. 70. 
• The apooimen wu formerly contained amongat the collection* of the Geological 

Society and ia now in tbe po*e**ion of the Britjah Mueeum. Of. Bee., G*4. S*rv.r Ind.f 

p. K 
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It is the last two types whioh impart to the pontian fauna the 
peouliar facies which distinguishes it wherever found. The African 
migrant*, ohiofly Hyracoids, the dicerine Rhinoceroses, and possibly 
some of the Bovine antelopes do not concern us here. But it is 
to the Asiatio migrants that one would ezpeot to find dose 
resemblances in a fauna of corresponding age in India. Moreover, 
in the fauna immediately preceding an Indian fauna of pontian 
age we should expect to find the forerunners of such types. The 
Girafpdac, Hipparion, several groups of Bovine antelopes, the Hyaeni- 
dae, Pararnachaerodu8 exemplify the application ot this argument. 
All these forms are represented by closely allied species in the 
Dhok Pathan zone of India, and by ancestral species or at all 
events forerunners in the Ohinji beds, thus proving that the Dhok 
Pathan zone is equivalent to Pikermi. 

In the first class of indigenous types one would not expeot to 
find such close resemblances I assume such types to have 
been produced by independent evolution in both countries, from 
some common though more remote ancestor. We might, however, 
expect to find that the same stage of development had been at¬ 
tained simultaneously m both countnes. This we find to be the 
case in the Probosctdea. Palhyaena and Ir/itherium and Tragocerus, 

if with Deperet we regard the last three of these as indigenous 
types in Europe, but the fact that identical species occur in both 
regions, seems to show that migration of these particular species 
must have taken place from one of the two countries, in pontian 

times. 
In the Dhok Pathan zone there exists yet another category. 

This includes animals which have not been found in the pontian 
of Europe, though in some cases they entered Europe in Pliocene 
times, as for example the Hippopotamus, the Potamochocrine or 
African river hogs, and ancestral oxen, (of which an extremely 
primitive and antelopine form of Leptobos probably oocurs in the 
Middle Siwaliks of Burma) or even in the Pleiitocene as in the case 
of Stegodon1. In other cases such forms seem never to have en¬ 
tered Europe, witness the true Asiatic Rhinoceros, and Merycopo- 
tamus. The reverse of this is seen in the case of the Dicerorhine 
Rhinoceroses, which existed in Europe from the burdigalian but 
do not appear in India until the Upper Pliocene as the specie* 

1 A. South Wootwarrt, Description of the Pilttlown akull, ct<-., Quart. Journ. Qrol. 
Sor. Land. LXIX (10181, p 139. 

F 
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Dicerorhinus platyrhinus, to be continued into recent times as the 

Sumatran two-homed Rhinoceros. The dicerine Rhinoceroses also 

entered Europe in the pontian, but at no time penetrated to 
India. These facts carry with them the reply to any argument 
that should place the Dhok Pathan zone later than Pikermi, on 

the ground of the occurrence in it of Hippopotamus, primitive oxen, 

and Stegodon. 

Finally, the discoveries which have enabled us to correlate the 

Pinjor horizon of ElepJuis planifrons in India with the Middle 
Pliocene horizon of Elephas planxfrons, in Europe (see pp. 294-295) 
impel us to regard the Tatrot zone as Lower Pliocene, and the 

Dhok Pathan zone as Upper Miocene. Since no geologist has 
ever regarded the Pikermi beds as older than Upper Miocene, this 

practically confirms the equivalence of the Dhok Pathan zone and 

the Pikermi stage. 

Provided nothing should in the future disprove the premises 
on which the preceding argument is founded, 

qa^7u!>4J,AlocC2r H also followB that wc Bhal1 have ei,tire|y 
established Deperet’s attribution of the Pikermi 

horizon to the Upper Miocene in opposition to the authors who 

regard it as Lower Pliocene. A lower Pliocene age for Pikermi 

could only be maintained in the face of the correlation of the 
Elephas planifrons horizon if it could be shown that the Dhok 
Pathan zone were older than Pikermi. But although it might 

conceivably be contended on internal faunal evidence that the 
Dhok Pathan zone is younger than Pikermi, the reverse is hardly 

imaginable, when we consider how far beneath it the genus 
Hipparion first appears and how little different the Hipparion 

of Perim Island and the Upper Chinjis is from that of Dhok 

Pathan. Further, the slight distinction between Mastodon hasnoti 

and Mastodon arvernensis, and the existence of the same develop¬ 

mental stages in various lines both at Pikermi and Dhok Pathan 
strongly militate against any such possibility. The apparent pas¬ 
sage of beds with a Pikermi fauna into beds with a fauna 

of Montpellier, universally accepted as Middle Pliocene, whioh 

is recorded at Belvedere and other places in Austria may there¬ 
fore be illusory, and an undetected time break or at all events 

a period when deposition was extremely slow, may be present 

between these two faunas. 
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Whereas Deperet does not differentiate between the various 
faunas of pontian age, but tacitly regards them all as equiva- 

lent to Pikermi, it will be seen that I call the 
Dhok Pitkin zone 

■•signed to the npper 
pontiaa. 

Phok Pathan zone upper pontian. I do so 
mainly because the earliest Hipparion are not 
so much more primitive than the Dhok Pathan 

forms as to justify me in regarding them as contemporaneous witn 
the older sarmatian. It will be seen when I come to consider 
the fauna of the Lower Chinji beds that, on tho whole, the facies of 
this fauna is hardly older than the Saint Gaudens stage. The 
earliest position to which I should be at all inclined to assign it, 
would be one intermediate between the stages of Simorre and 
Saint Gaudens. It may well be that the pontian fauna which in 
India is easily divisible into two (1) that of Dhok Pathan and (2) 
that of Nagri, is in Europe indivisible. Hence the numerous loca¬ 
lities containing the species of the “ Hipparion fauna ” may some 
of them be lower pontian and contemporaneous with the Nagri 
zone, and others upper pontian and contemporaneous with the Dhok 
Pathan zone. It must be understood that I make no pretence to 
assign Pikermi to the upper rather than to the lower pontian or 
to point out which of the localities are newer than the rest. In 
India the occurrence of different fossil zones in stratigraphical conti¬ 
nuity enables us to combine the geological with the palaeontological 
evidence in a way that is perhaps impossible in Euroj>e. If for ins¬ 
tance we had no knowledge of the fact that the Nagri fauna occurred 
some 3,000 feet below that of Dhok Pathan, 1 should not perhaps 
venture to erect a separate zone to contain its fossils. 

The Fauna of the Chinji Zone 

I shall now take up the question of the fauna of the beds, 
which lie stratigraphically beneath those of Dhok Pathan. I shall 
pass over for the present the fauna of the Nagri zone because it 
is poorer in species, and the stratigraphical position of all the 
fossil localities is not clear, and proceed at once to a consideration 
of the rich fauna of Chinji. 

The precise level at which many of the Chinji fossils were found is 
uncertain. This is partly because the native 

I hr^san^we^ecund*.*1 collectors can seldom recall the exact spot 
from which they obtain individual specimens, 
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and partly because in a labyrinth of barren hills it is often diffi¬ 
cult to locate accurately any particular fossil locality. This much 

is, however, certain, that the basal beds have yielded the smaller 
number, while the topmost beds have also yielded very few. The 

mass of the specimens were collected from more than 400 and 

less than 2,000 feet above the level at which I place the base of 

the Lower Chinji zone. 
The following specieB have been only found in the 800 feet of 

Upper Chinjis, Hipparion sp., Palaeoryx sp.9 Hyaena sp.9 Sivapithe- 

cus indicus and a primitive Semnopithecine monkey, which probably 

represents a new generic type (see p. 288). 
The following species have been found both in the Upper as well 

as the Lower Chinjis, Listriodon pentapotamiae, Amphicyon cf. 
giganteus, Giraffokeryx punjabiensis, Dinotherium indicam, TetrabeU 

odon macrognathus, Dorcatherium minus, Hemimeryx pusiUus, Protrago- 

cerus sp,9 Sus sp. 

The following species have been found in the basal beds, Dinother¬ 

ium indicum, Listriodon pentapotamiae. 

The localities of the others are uncertain. Under these cir¬ 

cumstances it seems most convenient to omit from the Chinji fauna 
those species which occur only in the Upper Chinji zone,^ and to 

assume that the remainder of the fauna is that of the Lower 

Chinji zone. This is an assumption which may give rise to a small 
error, supposing it should be the case that certain newer types do 
not occur in the lower horizon. The difference, however, cannot be 

great and in any case we shall not be led to assign to the Lower 
Chinjis an older age th^n the fauna warrants. It is this fauna of 

Analysis of the Lower 
Cblojl fauns. 

which a list appears in the table on pages 280-287. 

We may analyse this fauna as follows :— 

(1) The species ancestral to the “Hipparion fauna” of Pikermi 
and Samos, that is the forerunners of the migratory types 

which did not reach Europe until the pontian. 

(2) Endemic species which represent exclusively Asiatic types. 
Some of these are ancestral to Middle Siwalik species, 
which, however, did not penetrate to Europe and so do 

not compose the ‘ ‘ Hipparion fauna ’ ’ of Pikermi and 

Samos. 
(3) Species related more or less closely to those which inhabited 

Europe in times previous to the pontian* This similarity 
of character the tortonian-sarmatian faunas of both 
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Europe and Asia would owe to a similar desoent from 
common ancestors belonging to a period when physiographical. • 
conditions permitted quadrupedal types to pass freely *. 
between the two continents. That such a period of inter- 
migration existed is shown by the close relation between . 

the faunas of Europe and India in upper aquitanian times. 
That such intermigration may have continued into the 
tortonian is, however, not disputed. 

The first group includes the Giraffidae, certain Bovine antelopes 
and Sivaelurusy the ancestral type of Paramachaerodus c/. schlosseri 

(see p. 314 foot note). It has already been mentioned under each 

Comparison of the °* ^ese heads in the Dhok Pathan section 
CMsfl fauna with that of that the Lower Chinji specieB arc in every 
Dhok Pathan. _ ___ case more primitive. 

The second group includes the tetraselenodont branch of the 

Anthracotheroids and the traguloid Dorcobune. Here, too, the species 
Hemimeryz pusillus is less specialized than the Middle Siwalik 
Merycopotamus. 

It may also be noted here that the members of the third 

group which are represented in the Middle Siwaliks are in every 
case less advanced than their Middle Siwalik descendants. Thus, 
the Mastodon cautleyi-Stegodon line is entirely absent even in its 
earliest stages ; the Mastodon of the type of arvemensis has not yet 
appeared. On the other hand, species allied to Tetrdbdodon angusti- 

dens are present. An interesting discovery in the Upper Chinjis 
of an absolutely perfect mandible of a4 species of Tetrabelodon 

exemplifies this point well. This species seems, as nearly as one 
can say, to have been the direct ancestor of the Middle Siwalik 

Tetrabelodon punjabiensis, the affinity of which with the European 
T. longirostris has already been noted (page 293). Possessing teeth oi 
an exactly similar type, it differs from it by the rather more com¬ 
plicated talon in the last molar, by the greater prominence of the 

accessory columns, by the intermediate molars being trilophodont 
instead of tetralophodont, and finally by the very much more 
elongated symphysis. It is very remarkable to observe that the 

length of the symphysis is proportionately greater not only than 
that in T. oorrugatus of Dhok Pathan but’ also than it is in T. 

longirostris and T. angustidens, which leads us to imagine that the 

Upper Chinji species, for which I propose the name of Tetrabelodon 

macrognalhus, represents a very early stage of development. 
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The following table of approximate measurements in millimetres 
of the mandible in these different species will show this at a 
glance. 

T. macro• 
gnathus. 

T. angus- 
tidens. 

T. longi- 
rottris. 

T. punja- 
bitnsis. 

1 
T. corru- 

gatus. 
1 

Total length from articula¬ 
tion to tip of tiiHk. 1,530 1,350 i 960 • • • • 

Total length from articula¬ 
tion to end of ayraphyain 1.480 1,215 700 1 • • • • 

Length of Hymphyain . . 810 550 320 330 580 

Length of jaw behind aym- 
phynia .... 070 005 440 

1 » • • • • 

Length of last lower molar 230 207 200 250 j 208 

In the Suidac the most important types are Listriodan and 
Hyotherium. Sus occurs as a species which is far more primitive 

than any of the Dhok Pathan pigs. Hyotherium dies out in the 
Nurpur zone, giving, rise only to the extremely specialized Telra- 

conodon. lAstriodon alone exists as a rare survival, being perhaps 
not specifically distinct from the Chinji Lwtriodon peniapolatniae. 

Amyhicytm survives in the Middle Siwaliks, but the species differs 
from that of Ghinji by the squarcr form of its teeth, thus ap¬ 

proximating to Dinocyon. The creodont Dissopsalis, the anthro¬ 
poid Dryoyilhecus, and some of the primitive Viverrid and Mustelid 
genera have disappeared. Dorcabune possibly was found at Hasnot 

but the species, originally described by Lydekker as Anthraco- 

therium silistrense is very much more hypsodont and less Anthra- 
cotheroid than the Chinji species. 

Thus, to sum up, there is hardly a species in common between 
^ ^ the Lower Chinjis and the Dhok Pathan zone, 
■aaary. Identities may exist in Diriotherium indicum> 

Listriodon pentapotamiae, and Microbunodon silistrense. But all three 
are species on the point of extinction, and for that reason little suscepti¬ 
ble of alteration. Not only are the species different in the two zones, 
but theBe differences have advanced as far as the generic stage in 

numerous cases, while numerous old lines come to an end in the 

Lower Chinjis. Taking all this into consideration, considerably more 

than a substage should be placed between the two zones. If we 
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exclude the migratory forms from the fauna of any one European 
stage in the miocene, we shall find that the resemblances to the 

fauna of the stage below are much closer than they are between 
the Dhok Pathan fauna and that of the Lower Chinjis. Therefore, 
if we assume the Dhok Pathan zone to be upper pontian it is not 
too much to expect the Lower Chinji zone to reach into the torto- 

nian, but at least it must take us to the base of the sarmatian. 
As I have suggested above (p. 273) the thickness and frequency 

of concretionary pseudo-conglomerates throughout the Chinji beds 

renders it exceedingly probable that a considerable interval elapsed 
between the deposit of the basal and the topmost beds. If correct 

this would warrant us in putting the basal beds of the Lower Chinjis 
into the tortonian. 

Both of the preceding argument* arc based on geological 

Comparison of the rea8(>uing, or on the ptratigraphical, and faunal 
ChloJI final with Miocene relations of the Chinji horizon to the Dhok 
faanai of Eorope. Pathan beds, on the assumption that the Dhok 

Pathan zone is upper pontian. Strong as is the evidence for this 
assumption and the deductions which follow from it, I shall now 

see how far a direct comparison of the Lower Chinji fauna with 
that of the tortonian and sarmatian of Europe supports the con¬ 
clusion arrived at above. 

Of the three classes into which we have, seen that the Chinji 
fauna can be divided, the first two must obviously consist of species 
which arc quite unrelated to any that appeared in Europe pre¬ 

viously to the pontian. Hence, we need only consider the third 
category of species. 

Of the Primates Dryppithecus is a very characteristic genus of 

the Chinji zone. The species D. indicus ap¬ 
proaches D. fonlani of Saint Gaudens very nearly 

but differs by the more inward position of the inesoconid, the 
absence of a anterior cingulum and by the greater wrinkling of the 
enamel. In the latter character it is nearer to D. darwini of the 

tortonian. It is exceedingly doubtful whether D. rhendnus is newer 
than sarmatian, but in any case it differs from the Chinji specieB by 

the entire absence of a basal cingulum. 

Amongst the Carnivora the most striking feature is the survival 
of a creodont related to Sinopa one of the 

Hyaenodontidae. Sinopa is not known later 

than the Eocene, and the last Hyaenodont known is from Ihc 

Primates. 

Carnivora. 
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Btampian. It should be noted that the mandible briefly described1 
as that of Dissopsalis, under the mistaken impression that it was 
associated with the maxilla, turns out to have come from the Upper 

Chinjis, from a spot whence I have since obtained other remains 
of the same Bpecies, if not the same individual, and is really a 
species of Hyaena. Other lower teeth have, however, been found 

in the Lower Chinjis, which are certainly creodont and present 
the same characters that one would expect in Dissopsalis. It ca: 
of course only be regarded as a curious survival, although it! 

occurrence gives a very ancient look to the Lower Chinji fauna. 
The Ursidae have unfortunately not yet been found in the Lower 

Chinjis. 
Amphicyon is largely represented, one of the species being indis-, 

tinguishable from one which has been found in Europe from the 
burdigalian upward. 

Remains of the Mustelidae are rather frequently found at Chinji, 
but they are generally so fragmentary that it is difficult to be 
sure of their genus. The general facies of this part of the fauna 

reminds one strongly of that of the tortonian of La Grive Saint 

Alban. One species may be referred to the genus Haphgale. 

The Viverrids are represented at Chinji by the tortonian genus 
Progenetta, the species P. proava (formerly roferred to Palhyaena) 

being very close to P. crassa. 

The Felidae are represented by Machaerodus, but the remains 
are so fragmentary that it is difficult to compare them satisfac¬ 

torily with European species. 

As in the sarmatian and tortonian of Europe Dinotherium 

Proboscides. 
is represented by smaller species than in the 

pontian. 

The Mastodontidae are all trilophodont and tetrabelodont. A 
variety of Telrabelodvn arujustiden* is met with, while even in other 

lines of Telrabelodon, the elongation of the mandibular symphysis 
is as great or greater than in Middle Miocene specimens of T. 

angustidens, as demonstrated on page 310. 

The Rhinocerotidae are represented both by a Ideoceras and 

Perisiodactyla. 
an Aceratheriutn, The former shows an advance 

on Teleocera* blanfordi, and the latter is in 
the same stage of development as the sarmatian A. tetradactylum. 

1 Rtf., Qtol. Surv., Ind., XL, p. 04. 
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Suidae. 

Listriodon and Hyotherium are the two line* of the Suidae which 
predominate in the Chinji beds. They ale v 

also a marked feature of the sarmatian and 

tortonian of Europe. Moreover, the species Hyothenum cf. ainiienee 
and Listriodon pentapotamiae are almost indistinguishable from ‘ 
certain varieties of the European tortonian species Hyotherium . 

simorrense and Listriodon splendens. Although Hyothenum and 
Listriodon are the dominant Suidae, yet there is a Sus, which by 
Its short last molar and its large anterior molars, seems to be an .. 
advance on the type of Hyotherium sommeringii. This genus is 
absent from the tortonian, the species described by C. Gaillard 
as Sus grivensis from La Grive Saint Alban, having been referred 

by H. G. Stehlin to a variety of Hyotherium simorrense. A true Sus, 

however, occurs in the sarmatian of Monte Bamboli. 
The genus Choerotherium which is certainly found in the torto¬ 

nian and appears to bo present also in the Saint Gaudens zone, 

has not so far appeared at Chinji. 
Dorcathcrium is a common fossil at Chinji. There are several 

species., some of which come very near the 
Trafuildac. European species, while the species Dorcabune . 

anlhraootheroides seems to show many points of resemblance to 

Doroatherium orassum. 

A primitive cervuline with horn cores something like DioroceroSy 

also occurs at Chinji. 
Cervidae. 

Bovldae. 

The antelopes are presented by four species of which one is ob¬ 
viously related to the Gazelles, and may be compa¬ 

red <to Gazette (?) grocBUma of the sarmatian of. 
Monte Bamboli, while two others are primitive members of the Trago- 

cerinacy having horn cores exceedingly like Protragocerus chantrei of the . 
tortonian, and Antelope (gen. ind.) davalus of the tortonian. The 
fourth has flat horns with just the beginning of a spiral twist, which 

I regard as ancestral to the pontian Taurotragus (?) latidens. 

To sum up, if we compare the species in the Lower Chinji fauna 
which belong to the 3rd of my three division*, 

Ssnatry. with those of the pontian fauna of Europe 

which have been locally developed, we cannot avoid the conclusion 

that the lower Chinji fauna is very much more primitive. Amphitryon, 

primitive types of the Mustelidae and Viverridae such as Haplogale, 

Potamolherium, and Progenetta and of the Suidae as Hyotherium 
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and Listriodon and perhaps Dryopithecus amongst the Anthropoids, 
have disappeared before the pontian stage of Europe. On the other 
hand, the Ursidac have developed considerably and Hyaenarctus 
and Ursus itself have become conspicuous. Sus is represented 
by many species, amongst them being the large Sus major which 
is certainly more advanced than the Sus of the Chinj i beds. 
Amongst the Proboscides only the larger Dinotherium survives; 
the Mastodontidae have reached the tetralophodont stage and th^ 
T. angustidens type has died out. Both Aceratherium inemvum 

and Teleoceras goldfussi are more advanced than any of the Lower 
Chinji Rhinocerotidae, Finally, the Tragocerinac have arrived at a 
more hypsodont stage and have larger, more specialized horns than 
the Chinji antelopes belonging to this family. 

It will have been seen that those of the European species 
which can be paralleled by Chinji forms occur equally iu the 
sarmatian and tortonian of Europe. In deciding between the claims 
of the two stages to receive the Lower Chinji beds, we have to set 
on the one side the very close relationship of Hyotfierium cf. sitidi- 
etise to the tortonian Ilyotherium siviorrense, and on the other, 
the fact that certain primitive types such as Trochiclis and Pseu- 
daelurus 1 are absent both from the Lower Chinjis as well as from 
the sarmatian, while Sus and gazelle-like antelopes which are 
found both at Monte Bamboli and (Tiinji, are absent from the 
older tortonian beds of La drive .Saint Alban. I am, therefore, 
not inclined to correlate the Lower Chinji zone with an earlier 
stage than the Barmatian. 

The Fauna of the lower Manchhar Zone. 

We will now consider the lowest beds of the Siwalik series, 
of which the fauna is only known from Sind and the Bugti hills, 
while their stratigraphical relations to the newer fossiliferouB zones 
can only be seen in the Salt Range. Therefore, the correlation 
of the fossiliferous beds of the one area with the unfossiliferous 
beds of the other admits of a slight doubt, a fact to which I 

1 Tho maxilla briefly described in IUr., Gcol. Nttrv., Ind., XL, p. 05, undor tho name 
of Pecudaelurva ckinjtenai* turnR out on further companion to be generioally distinct. 
The main difference! consist in (1) the entire absence of a diastema, (2) a longer pm.a, 
(8) a feebler and leas trenchant canine, (4) presence of a strong, outer, anterior cingular 
<nmp in pm.4. It appear* to lie an«x**t r*| tho type of Mdchatrodun oricnlaliu Kittl. 
from Maragha. I propose for it tho now generic uamo of tiivatlunu. 
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have already called attention (page 268). The difference is, however* 
not likely to be great, and we cannot be far wrong in putting 

the beds of both areas into what I may call the lower Manchhar 
zone, this being the name first given to the Sind beds by Blan- 
ford. 

In my “Preliminary Note" 1 did not feel in a position to 

do more than estimate their age roughly. Two methods were 
made use of, one based on the observed conformable passage of 

the upper aquitanian Kuldanas into the Murrees and of the Murrees 
into the Lower Siwaliks,1 the other on a certain amount of similarity 
existing between the vertebrate fauna of the Gaj of the Bugti 

hills and the Lower Manchhars of Sind. The conclusion arrived at 
was that we should place the base of the Lower Siwaliks no later 

than tortonian. The first of these methods is confessedly inexact, 
because we do not know how much time we should allow for the 
accumulation of the Murree sediments. At the same time, seeing 
that the maximum thickness of the latter is quoted as 8,000 feet, 

we must, judging by probability only, presume that the period was 
a considerable one, though it seemed unreasonable to make it 

include more than the burdigalian and helvetian stages. 

The second is also inexact, because there are no actual iden¬ 

tities l>etwcen the two faunas, and at that time one had only two 

Indian faunas with which to compare the Lower Manchhar verte¬ 
brates, that of Dhok Pathan and Hasnot and that of the Gaj 
of the Bugti hills, the former being pontian and the latter upper 

aquitanian, so that the most 1 could attempt to show was that 
the affinities with the older of the two were too close to warrant 
our putting the Lower Siwaliks any further away than the tor¬ 

tonian. 

To this, however, I can now add the following evidence, of 
which I waB unaware when I wrote my former paper. Below the 
lower Chinji horizon, which has been shown to be certainly no 
newer than the base of the sarmatian, 1,700 feet of -deposit occur, 
a deposit, moreover, which on account of the frequency of pseudo¬ 
conglomerate bands was quite likely to have extended over a 

considerable period, so that if we considered the base of the Lower 
Manchhar zone as contemporaneous with the base of the European 

tortonian, we should be doing no more than the stratigrapbioal 

1 Pilgrim, op. cil„ p. 11K). 
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facts warrant. We can also infer through geological reasoning 

that the fauna of the lower Manchhars of Sind occurs at least 

1,600 feet lower than that of Chinji. We can, therefore, proceed 
to compare the Lower Manchhar fauna on the one hand with 
that of the Gaj of the Bugti hills and on the other with that 

of the Chinji beds, with rather more chance of reaching an 
accurate conclusion. At least we may be able to confirm the 

age of the Lower Manchhar as arrived at by other means. Un¬ 

fortunately, the Lower Manchhar fauna is very scanty.. Since W. T. 
Blanford and F. Fedden surveyed Sind in 1875-77 no mammalian 
collections have been made from that area. This omission it 

is the intention of the Geological Survey of India to remedy 
at the earliest possible opportunity. The fauna is also of a rather 
endemic character, so that it is impossible to institute very minute 

comparisons with that of the European Miocene. We must, there¬ 
fore, be content with a comparison with the two Indian faunas 
of whose age we are approximately sure. 

There follows a list of the Lower Manchhar Bpecies arranged in 

parallel columns with allied types of the Gaj zone and the Lower 

Chinji zone. 

Gsj tone. Lower Manchhar Zone. Lower Chinji Zone. 

Amphicyon ahabbazi Amphicyon ap.. . • Amphicyon Jp. aff. gigantoua. 

Amphicyon palaoindiout. 

Amphicyon <p. 

Dinotherium narionm Dinothorium pentapntamiao Dinotherium pcntapotamiac. 

Dinotherium sindienac. Dinotherium ap. 

Hemim&fftodon oropusculi Tctiabelodon anguatideu* 
var. palaeindicuB. 

Tctrabelodon anguatidena 
var. chinjienwa. 

Tetrabolodon all. pandionia Tetrabolodon pandionia • • 

• # • • Tetrabolodon falconori Tetrabelndon falconori. 

Tetrabolodon maorognathu*. 

Tetrabolodon ap. 

Acer*thorium ap. Aceratherium perimenae. 
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Gaj cone. Lower Manchhar Zone Lowev Chinji Zone. 

Aeeretheriom gejenav Aoeratherium gaj on bo rer. I 
intermedium. 

Teleocerea bUnfordi Teleocciaa blanfordi vai. . Teleooeroa blanfordi var. 

Phyllotillon narioua • Phyllotillon airduniK* Phyllotillon sp. 

Mioiobunodon mu a . 
f 

Miciobunotion up. Miorobunodon siliatrente. 

Breohyodua afneanua Brocbyodua tp. 

Hyoboopa nanouM Hyoboope poloeindicua 

Homirnoryx affinia . Henumeryx blanfordi Hcmimeryx puaillua. 

Telmatodon bugtionaia Telmatodon (?) ap. . 

Chocromeryx ailiattenaia . 

Hyotherium amdionee . Hyotheriam of. aindionae. 

Liatnodon effinia . . Lmtnodon ap. . Liatriodon pentapotamier. 

I Libtnodon up. 

Sua Mp. 

i T)mcal>unc Anthroi*othcroi- • Dorcabuno ontb recot hero i- 
• dei. 1 del. 

Dorcatherium ap. Dorcatherium minua . Doroatheriam minua. 

Dorcatherium ap. 

Propaloeomeryx oxigua Propaloeomeryx off. cxigaa Propaloeomeryx aivalemia. 

Out of twenty-one species, which have up to now been dis¬ 
covered in the Lower Manchhar fauna, only 

Analysis of the tower 8even, or a third are identical with Lower Chinji 
Manchhar fane*. . . , . * 

species. There is a not single identity with 

the Gaj species of the Bugti hills but six of them are closely allied 
to Gaj species. Moreover genera, which have died out before Chinji 

times, still survive in the Lower Manchhars. Such are Brachyodue, 
Telmatodon, Hyoboops, and that type of Hemxmeryx, in which the 
hypoconal crescent is imperfect. Moreover, there is reason to 
believe that the genus Sus had not yet appeared at the period 
when the Lower Manchhars were deposited. The Hyotheroid 

material from the Lower Manchhars is insufficient to enable us to 
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say whether the species Hyotherium sindiense Lyd. is the same as 

the species which I have found at Chinji, and which I have 
referred to as Hyotherium cf. sindiense. The latter is undoubtedly 
closely allied to the European H. simorrense, but the Sind species 
may represent another type. It may be remembered that the 

Perim Island Hyotherium perimense Lyd. is certainly the descendant 
of a more primitive line, and also that the Sus of the Chinjis is 

unconnected with the Hyotherium cf. sindiense of Chinji, and seems 
rather to have been derived from some form like Hyotherium 

sommeringii. 

It must not be forgotten that this fauna occurs in the lowest 
100 feet, but its character entirely confirms the conclusion arrived 

at by other means that the 1,600 feet of deposit, which is the 
minimum that can be assumed between the fossiliferous zone of 
the Lower Manchhars and the base of the Lower Chinjis, cor¬ 
responds to a considerable period. It is doubtful whether the 
difference between the Gaj fauna of the Bugti hills and that of 

the lower Manchhars is sufficiently great to warrant our putting 
two stages between them, while on the contrary the alliance 

between the Lower Chinji fauna and that of the Lower Manchhars 
is not close enough to suggest our placing less than a stage 

between them. Consequently, it is exceedingly likely that the 
fauna of the basal beds of the series is lower tortonian. Without, 
however, venturing on such minute classification, we may safely 
call the Lower Manchhar zone tortonian, that is the equivalent 

of the stage of Simorre. 

Fauna of Nagri. 

The Fauna of the Nagri Zone. 

The fauna of Nagri, the stratigraphical position of which was briefly 
referred to on page 267, shows very marked indications of being in 

an intermediate stage between that of Dhok 
Pathan and the Upper Chinjis. The fauna is 

a smaller one than that of either of these zones. If the material 
were more abundant we should no doubt be justified in referring 
several forms to species distinct both from those of Chinji and 

Dhok Pathan. At present all I can do is to indicate the affinities 
of the different types so far discovered, which are as follows:— 

Hipparion cf. theobaldi. 

Hipparion sp. 
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Aceratherium cf. perimense, distinct from any Chinji . species1 
and also from the Dhok Pathan Aceratherium lydekkeri. 

Aceratherium sp. 

Antelope (Palaeoryx ?) large species. 
Antelope much smaller and perhaps ancestral to the Dhok 

Pathan Antelope n. gen. latidens Lyd. sp. 
Antelopes of a smaller type allied to Upper Chinji species (Pro- 

Iragoceros ?). 
Large Giraffoid referable to Bramatherium or Ilydaspitherium. 
Girafiokerya sp. a larger species than G. punjubiensis. 

Dorcabune sp. smaller than D. anthracotheroides. 

Dorcatherium majus. 

Dorcalherium minus. 

Hyotherium indicum Lyd. sp., identical with the species of which 
Lydekker figured the lower premolar as Hyaenodon indicum. This 

specimen came from an unknown horizon at Kushalgarh. The type 
represents a slight advance on Hyotherium cf. sindiense of the Chinji 

beds in the direction of Tetracotu>dony and has not so far been 

found in the Chinji beds. 
Lycyaena sp. cf. macrostoma. 

Hcmimeryx pusillus. 

Chalicotheroid genus and species indet. 

This fauna is paralleled by one which has been found by Sub- 
Assistant Vinayak Rao at Hari Talyangar in 

Fanst of Talyaifir. Belaspur State near the Kangra boundary, 

in the Sub-Himalayan area. This fauna has been referred to 
above on page 270. The geological evidence as a whole suggests 

a horizon about the same level as that of Nagri, or if anything 
only slightly newer. The character of the fauna, which is described 

below is in entire agreement with this conclusion. 

Hipparion cf. theobaldi. 

Hipparion sp. 

Antelope same as the Nagri species, smaller than and probably 
ancestral to Antelop1 n. gen. latidens Lyd. sp. 

Antelopes of a smaller type allied to Nagri forms. 

Large Giraffoid perhaps referable to Bramathenum having two 
distinct lobes to the last column of the 3rd lower molar. 

Qiraffokeryx same species as found at Nagri. 

Giraffa small species. 
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Dorcabune sp. same species as at Nagri. 

Dorcatherium majus. 

Dorcatherium minus. 

Hyotherium (?) sp. ‘ 
Listriodon sp. 

Sus sp. smaller than but of the same type as, the Dhok Pathan 
Sus titan. 

Potamochcerus sp. various. 

Sus sp. various. 
Anthracotherium sp. larger than Microbunodon sihstrense and 

belonging to an entirely different lint1*-. 
Chalicotherium sp. 

Rhizomys. sp. 
Lepthycena sp. much smaller than L. sivalensis. 

Progenetta (?) sp. larger than Progenetta proava from Chinji 
and smaller than the Dhok Pathan Palhi/mna indica. 

Palwopithecus sp. smaller and probably more primitive than 

PalcBopithecus sivalensis of the Dhok Pathan zone. 

A consideration of these faunas shows us that while many of 
the Dhok Pathan species are represented by allied types, the 
latter in very many cases bear signs of being ancestral' to the 
former. On the other hand, a few genera which are unknowh in 
the Dhok Pathan zone occur. These are in all cases Chinji 
genera but the species do not appear to be the same as have 

been found in the latter beds. It is, therefoie, apparent that this 
fauna displays an intermediate character between that of the Dhok 
Pathan and Chinji zones, as in fact its stratigraphical position 
would lead us to surmise, but farther than this we cannot go. 

The fauna of Perim Island presents the same intermediate 
character as that we are discussing. The genus 

Fma * • ■ . jjyotteriwn has n0fc been found in the Salt 

Range area in strata newer than the Chinjis. The species Hyothe¬ 

rium perimense Lyd. (referred by H. G. Stehlin to the genus 
PalcBOchcerus) may, however, represent a later survival. On the 
other hand, Mastodons of the type of M. Cautleyi are entirely 
absent from the rich Proboscidean fauna of the Chinji zone. 
Hipparion seems to have bpen so abundant as to imply a 

more recent date than the Upper Chinjis for the Perim Island 
beds. Moreover, the original Hipparion cranium from Perim Island 
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figured by Lydekker has now been examined1 and prove* to be 

specifically inseparable from Hipparion punjabieme of Dhok Patman, 
so that the name Hipparion perimense proposed for it myself must 
be abolished. The large Giraffoid Bramatherium peritnense, the horn 

cores described and figured by Lydekker under the name of Capra 

perimensis, and subsequently referred by myself to the genus Trago- 
cerusy the maxilla referred to Merycopotamus, the large antelope 
referred provisionally by Lydekker to Strepeiceros with the specific 

name of falconeri (which is, however, entitled in my opinion, to 
receive another new generic name, see above p. 303) and finally the 
identity of a 1st upper molar figured in the Fauna Antiqua 

Sivalensti, pi. XL, fig. 3, 3a and Pal. Ind., ser. 10, Vol. Ill, p. xv, 
text fig. 5 with the corresponding tooth in a maxilla from the 
Punjab (Ind. Mus. A 48) figured in Pal. Ind. ser. 10, Vol. I, 
PI. XL, point no less than in the same direction. Unfortunately 

Proboscidea, which are so abundant in Perim Island, have not been 
found either at Nagri or Hari Talyangar, so that a close comparison 

is impossible. Provisionally, however, I shall correlate the Perim 

beds with those of the Nagri zone. 

The Fauna of the Tatrot Zone. 

fn dealing with the Upper Siwalik faunas, there must exist a 
strong element of uncertainty as to the precise zone in which to 
place a certain number of the species which we know only from t e 

specimens collected by H. Falconer and his co-workers, or thirty years 
later by W. Theobald, but which have not been rediscovered since. 

The list of the fauna of the Tatrot zone is based entirely 
on the species found in the lowest beds of the Upper Siwalik at 

Tatrot, Kotal Kund, Bhaun and other places in the Salt Range area, 
where the stratigraphical relation of this bed to the middle Siwaliks 
is known with certainty. On the other hand we are in some cases 

uncertain whether we should not include with these certain species 
recorded amongst Theobald’s collections from Hasnot but not 
found by myself. It is also an assumption on our part to limit 
these species to the Tatrot zone seeing that the Pinj or zone above 

is not rich in either species or individuals. Moreover, although 

1 This oranium wm found in the eolation* of the Col’eg'* or 8ei*'noe, Po*»n *bo 
authorti©* of which have generously prcamtcd it to the Geologiaal Survey. It war 
described and figured by Lydekkor in Pal. Ind. (10) III, p. 11, pi. iii under the name 
of H. aniilopinum Falo. and C*ut. 
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all the species found in the Tatrot zone in the Salt Range are 
among those figured by Falconer in the Fauna Antiqua Sivalensis, 

it is only conjecturally that we can conclude that they were yielded 
by a contemporaneous zone in the Sub-Himalayan Siwaliks. 

Very careful collecting in the hills between the Sutlej and the 
Jamna would undoubtedly do much to settle the point, but until 
then it seems reasonable to regard such of the Tatrot species 
as have not been found in the Elephas planifrons beds as limited 
to the former of these two zones. The occurrence of the genus 
Merycopotamus seems to afford an instance where the application 
of this principle is justified. Very few specimens of Merycopotamus 

were found in Falconer’s time, the exact locality of these not 
having been recorded. The bulk of our material has been found 
later in the Middle Siwaliks of the Salt Range. I have, however, 
come across several specimens in the Tatrot zone in each one 
of its three fossiliferous localities. Sub-Assistant Vinayak Rao also 
found a skull of Merycopotamus in the basal beds of the Pinjor 
Range at Basaulan, but not a trace of the genus has como to 
light from the fossiliferous beds of a higher horizon in the same 
area. We are, therefore, disposed to presume that the Basaulan 
locality is a part of the Tatrot zone. 

Faana of the Tatrot zooe. 
The following is the fauna of the Tatrot 

zone as far as at present known :— 
Mastodon sivalensis Falc. 
Stegodon difti and bombifrons. 
Sus. sp. A large mandible allied to that figured by Lydekker 

aa Sus. giganteus in Pal. Ind. ser. 10, Vol. Ill, PI. XI, fig. 1, 
but with even larger premolars. 

Sus cf. hysudricus. 

Hippohyus sivalensis Falc. 
Hippohyus lydekkeri Pilg. 
Hippopotamus sp. 

Merycopotamus cf. dissimilis. 

Sivatherium sp. 

Antelopes genera and species various. 
Dorcatherium sp. 

Leptobos sp. 

Hemibos sp. 

Amphibos sp. 

Hipparion sp. 
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This fauna is not of such a character as enables us readily to 
compare it with that of any European one, but the sudden influx 
of Bovine genera and Hippohyus, and the leap into prominence of the 
genus Hippopotamus which is exceedingly scarce in the Dhok Pathan 

zone, serves to emphasise its distinctness from the fauna of the 
latter. 

The Fauna of the Pinjor Zone. 
Still less is accurately known about this horizon of the Upper 

Siwaiiks. In the Salt Range area our acquaintance with it is con¬ 
fined merely to finds of Elephas planifrons at various places from 
2,000 to 3,000 feet above the top of the Middle Siwaiiks, and of 
Elephas planifrons, Leptobos, and the horn of a large Cervus some 
2,000 feet below the boulder conglomerates. 

In the Sub-Himalayan area we find some 3,000 feet of strata 
exposed in the Pinjor range situated east of the river Sutlej and 
abutting on the plains. The topmosi beds exposed at Rupar 
do not contain any boulder conglomerate to speak of, and may 
only include the base of the upper zone, the higher beds being 
either denuded or concealed beneath the alluvium. That they 
belong to the uppermost zone is, however, rendered exceedingly 
probable by the occurrence in them of Camelus and Equus. 

On the other hand tho beds at the very base of the series, as 
has been already mentioned (p. 322), have yielded Merycopotamust 

and there is therefore some probability that they reach into the 
Tatrot zone. Between these limitB, however, the remainder of 
the beds which constitute the bulk of the whole are assigned 
to what I have named the Pinjor zone. I should mention that we 
are indebted to Sub-Assistant Vinayak Rao for the examination of 
this range, and he is responsible for the strati graphical details 
given above. Elephas planifrons occurs abundantly in these beds 
with Slegodon, Hippopotamus, Amphibos, Leptobos, Hemibos, Hip- 

pariony Sus sp. cf. hysudricus and Antelopes genera and species 
various. 

If we accept G. Schlcsinger’s discovery of Elephas planifrons in 
the Middle Pliocene of Austria as a proof of a similar age for the 
beds containing Elephas planifrons in India (see page 294), then we 
may regard the lower portion of the Pinjor zone as Middle 
Pliocene, and as there is good reason to believe that the overlying 

boulder conglomerates are uppermost Pliocene it is likely that the 
Pinjor zone is in part Upper Pliocene. 

o2 



324 Records of the Geological Survey of India. [Vol. XLI1I. 

The Fauna oi the Boulder Conglomerate Zone. 

There is a very strong probability that this horizon is the one 
which has yielded the bulk of the fosvils collected from the outer 
ranges of the Sub-Himalayas. Its stratigraphioal relation to the 
other fossiliferous zones of the 8iwaliks is clearly shown by the 
correlation of this zone in the Sub-Himalayas with beds of known 
stratigraphical position in the Salt Range. Proof of this correlation 
is found in (1) the presence of the very characteristic boulder 
conglomerates in both regions, (2) the occurrence of the characteristic 
zone fossils Elephas hysudricus, Equus and Camelut alike in the 
Salt Range and in the Sub-Himalayan Siwaliks and their apparent 

absence from beds some 2,000 feet lower in the series : _ 
The following is a list of the species whose occurrence in the 

boulder bed zone may be regarded as certain 

M elurrus theobaldi 

Mdlivora tivaknsis 
Vulpes curvipalata 

Hyana colvini 

Felts cristata 
Felis sub-himalayana 

Hystrix sp. 
Btegodon gantsa and ineig 
Elephae hysudricus 
Dicerorhinus platyrhinus 
Rhinoceros sivalensis 

Equus sivalensis 
Equus namadicus 
ChaUcotherium sivalense 

Bus falconeri 
Potamochcerus hysudricus 

Hippopotamus sivalensis 
Camelus sivalensis 
Cam flue antiquus 
Sivatherium giganieum 
Indratherium majori 

Bubalis palaindicus 
Cobus patulicomis 
Cobus palaindicus 

Cobus gyricornis 
HippoXragus sivalensis 
Boselaphus sp. cf. namadicus 
Buffelus palaindicus 
Bvffelus platyceros 
Bos ocutifrons 
Bos planifro%8 
Bos platyrhinus 
Bison sivalensis 

We lack complete proof of the exaot horizon whence the follow¬ 
ing species were obtained although it is very probable that they 

are to be assigned to the same as the ones detailed above. 

Pavio Mb-himalayan™ Etmitrayuj sivoiensis 

ranis caudtui Bucapra davtest 
Hitano idina Hemibos antilopinus 
Rhinoceros palaindicus Hemibos tnqvetricornis 

Regarding the remainder of the fossils collected in the Siwalik 
hills we know nothing of their Btratigraphical horizon except that 
they belong to the Upper SiwalikB. We can only conjecture that 

most of them came from high up in the series, although it is quite 

as reasonable that some should belong to the Pinjor or even (he Tatrot 

rone. 
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They are as follows:— 

•Stmta sp. of. satyr as 
Semnopithecus palaindicus 
Papio falconer* 
Hyanarctos sivalensis 
Muelela sp. 
Enhydriodon sivalensis1 
Luira palceindiea 
Hyaena sivalensis 
Viverra bakeri 
Viverra durandi 
Machcerodus palcsindicus 

Cynalurus brachyqnathus 
Nesokia sp. of. hardwickii 
Rhizomys sp. 
Caprolagus sivalensis 
Potamochoems giganUui 
Potamochoerus magnus 
Giraffa sivalensis 
Moschus (/) sp. 
Cervus sivalensis 
Tetracero«daviesi 
Ampkibo* acvkcorms 

Respecting the age of this uppermost zone of the Upper Siwaliks 
we have no reason to suppose that the genera 

Agsef the Boalder SqUU9 and Camclus appeared earlier in India 
ItoDcrstc soie. than they do m North America. Equus is 

characteristic of the Peace Creek beds of Florida and the Loup 
River of Nebraska, which are assigned by H. E. Osborn to the Upper 
Pliooene or Lower Pleistocene, while Camdus is considered by 
Osborn to occur in beds of the same age in California. In Euroj# 
Equus occurs in the Upper Pliocene of Italy, while the remains 
of Camdus have been found in Northern Africa associated with 
Palaeolithic implements of a Chellean type. The latter would 
Beem to be an emigrant from India. Confirmatory evidence 

as to an Upper Pliocene or lowest Pleistocene age for this fauna 
iB afforded by the presence of Elephas hysudricus, which H. Pohlig 
considers a variety of the Upper Pliocene elephant of Europe 
E. meridionalis and of Dicerorhinus platyrhinusy which is 
structurally related to the Upper Pliocene Dicerorhinus etruscus 

of Europe. An approximation in age to the Elephas antiquus beds 
of the Narbada, which are certainly Pleistocene, is suggested by 
the occurrence of the species Buffelus palaindicus, Equus namadicwt 

and Boselaphus cf. namadtcus. The first two of these three species 
were found by Lydekker himself at the very top of the Siwaliks 
and on the strength of them he suggested the possibility that 
these topmost beds were lowest Pleistocene.3 We may therefore safely 
regard this zone as uppermost Pliocene, while not in the least 

disputing Lydekker*s suggestion that the uppermost Siwaliks touch 
the Pleistocene. 

1 The ooourrenoo of Enhydnodon of. sivalensis in tho Dhok Pathan Zone and of Enhy¬ 
driodon campam in the larmatian of Monte Bamboli makes it probable that it not 
found at a horizon later than that of Tatrot. 

• Pal. Ind. sor. 10, Vol. U, p. 90. 
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EXPLANATION OF PLATES. 

Plate 26.—Table showing the classification of the Tertiary River Deposits 

of India. 

Plate 27.—Geohgical map of the eastern portion of the Salt Range area 

showing the distribution of the Siwaliks. 

Flate 28.—Fig. 1. Section between Chambal ridge and the Jhelum river. 
Fig. la. Section further to the oast than fig. 1. 

Fig. 2. Section between the Soan river and the Salt Range. 

Fig. 3. Section between the village of Bhaun and the Salt Range. 



J?abt 4.] t. C. Shown ; Ordovician fy Silurian of W. Yunnan. 

Contributions to the Geology of the Province of 
Yunnan in Western China. III. Notes on the 
Stratigraphy of the Ordovician and Silurian 
Beds of Western Yunnan. By J. Coggin Brown, 
M.Sc., F.G.S., Geological Survey of India, with provi¬ 
sional Paleontological Determinations by 
F. R. Cowper Reed, M.A., F.G.S. 

The following remark# on tho stratigraphy of the Ordovician 
and Silurian beds of Western Yunnan, arc based on notes made 
during the course of rapid traverses across the areas wherein they 
are exposed, and are therefore somewhat brief and incomplete. At 

the same time, taken together with Mr. Cowper Reed’s provisional 
determinations of their faunas, they mark a great advance in our know¬ 

ledge of these systems as developed in Western China. 

Tho four localities concerned are conveniently referred to as the 
Pu-piao, La-m£ng, Skih-tien and Pai-nia exposures. In the year 1880, 
L. von Loczy obtained cystidean plates near Pu-piao, belonging to 

an undetermined species of the genus Hmicosmitcs, (similar to 
those which are so common in the Naungkangyi beds, and are 
supposed by Mr. Cowper Reed to belong to Caryocrinus), and 
very imperfect remains of trilobitea.1 He was thus the first 

to make known the presence of Ordovician strata in Western 
Yunnan, but no further work was done on them until my own 
expeditions took place in the years 1908-10. 

In his account of the geology of the Northern Shan States, 

Pu-piao locality Ap- ^r* louche has already drawn attention 
proxlnate positloii, Lit. to the faunas from Pu-piao and Shih-tien, 
25 2\Long. 99 6« mentioning my opinion that, the rocks of 

the first locality are identical with the Naungkangyi beds, and 

adding his own, that the cystideans from Shih-tien, resemble in 

their mode of preservation and other characters, the peculiar forms, 
from Sedaw in the Shan States * 

1 Roiflo do# Grafon Bola Sieohonyi in OsUaien, Vol. 1, p. 7C7 ; Vol. Ill, p. 21. 
• Memoirs Oeol. Surv. Ind.t Vol. XXXIX, Pt. 2, p. 117. 
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The Ordovician beds form a small inlier on the. steep hill-side 
whioh rises to the north of the Pu-piao plain; a small valley 
filled with lacustrine deposits of late Tertiary age, drained by a 
stream flowing north-west to join the Salween, which is only 10 
miles away to the west in a straight line. At the top they are 
covered with limestones which are probably of Carboniferous age, 
while before the bottom of the hill is reached, they are buried 
by the tuffs which with associated contemporaneous lava flows, shales 
and limestones of Carboniferous age, build up the western end 

of the valley. The whole exposure is not much more than \ 

mile wide. 

At the top of the hill, underlying rounded masses of greyish, 
calcite-veined limestones referred to above, a series of reddish- 
yellow, soft, and occasionally sandy slates is found weathering 
down into marls and clays. From somewhat poor outcrops of 
these slates I obtained the fossils (K. 15. 298),1 which Mr. Cowper 
Reed has determined as follows :— 

* Cheirurus cf. milis Salt. 

Leperiitia sp. 

Prxmitia sp. 

Orthis afl. Acionue Sow. 

0rthi8 sp. 

Cfieirocrinus sp. 

In a small valley below this point, a hard, nodular limestone 
is found in bands with soft, shaley lamin© between them. It 
contains crinoid stems and plates of Caryocrinus sp. (K. 15. 297), 
preserved in pearly white and red caloite. My impression is that 
these limestone bands form the axis of a narrow, compressed, anti¬ 
clinal fold, both limbs of which are made up of the fossiliferous 

slates. 

A few hundred yards to the west of this horizon and ♦lower 
down the hill, a series of very fossiliferous, fine-grained, greenish- 
grey, hardened shales was found. When fresh, they break with 
a splintery fraCture, but under the action of denudation form 
heaps of small, angular, greyish-brown fragments. They are highly 

. 1 The nwnben refer to the Paleontological regbton of the Geological Survey of 
India. 
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contorted, but the strike appeare to be north and south The follow¬ 

ing fossils were obtained from them:—(K. 15. 295) 

Ogygxtes yunnanensxs sp nov. 
IUcenus cl. Linnarssoni Holm 

Remopleundes of. sexlineatus Ang. 
Calymene unicornis sp. nov. 
Orihxs aff Bocki Lamansky. 
Hyohihes 2 sp ind 

Raphistoma cf quallenatum Schloth 
Ci/rlolUes * sp 
Conocardium sp * 

Ctenodonta sp 

Pachy diet ya f sp 
Cheirocnnus 2 sp 

Didymograptus bifidus Hall 
Dvploqraplus sp 

Anothei fossiliferous honzon was discovered in the same seriei 
fifty yards fuither down the hill The rocks which are of precisely 

similar character, strike north and south, dip west at 40°, and 
have yielded the following fossils —(K 15 296) 

Ltchas aff. verrucosa Eichw. 
Cyphaspis cf megalops Me Coy. 
Phomera sp 
Orthis aff. AdonicB Sow. 
Cheirocnnus sp. 

In the course of an earlier journey across the Pu-piao hill ! 
collected various fossils without separating them into their differ 
ent horizons, but, in all probability they come entirely from th 
slates and hardened shales (K 15 294.) 

According to Mr Cowper Reed they compuse .— 

lUamus cf atavus Eichw 
, Calymene sp 

Phomera sp 
Asaphus sp 

Pnmitia sp 

Orthis cf. Bocki Lamansky. 
Orthis cf. calhgramma Dalm. 

Hyohthes cf. asteroideus Reed. 

Hehocnnus aff. araneus Schloth. 
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Heliocrinus sp. 
Protocrinus ? sp. 

Didymograptu* Murchisoni Beck. 

The Ordovician rocks are followed by dark reddish tuffs alterna¬ 
ting with greyish shales and thin lamina? of sandstone which 
dip towards the west at moderate angles. 

Mr. Reed believes that tho fossils numbered “ K. 15. 294, 295, 
296, and 298, indicate the ago of the beds to be Lower Ordovi¬ 
cian, and approximately equivalent to the Upper Arenig and Lower 
Llandeilo. Probably, they correspond to tho Hwe Mawng Beds 
of the Northern Shan States rather than to the Naungkangyi. 
Most of the species seem to be new though allied to those from 
these beds.” The age of the bod with Caryocrintu (K. 15. 297), 

•is uncertain, but tho same genus occurs in tho Sedaw Limestone 
of the Northern Shan States. 

La-m6ng is a small circle in the Chinese Shan State of Mong- 

La-nei LocaUt ^kio, on the Lung-ling-Yung-ch’ang Fu route, 
Approximate position—! to the west of the Salween. Near the 
Lit. 24° 44'. Loaf. P8° principal village of this name poor exposures 

of hard, purple slates were found from % which I 
obtained a few fragmentary fossils (K. 15.299), comprising the 

following species:— 

Harpes sp. 

Ogygite* sp. 
. Orthis aff. balcletchiensis Dav. 

Plectambonites aff. Llandeiloensis Dav. 
. Heliocrinus sp. 

i [Mr. Cowper Reed’s conclusion that these beds belong to the 
same horizon as those from Pu-piao, confirms the opinion I arrived 
at in December 1909, when I visted the locality. Though no 
junctions are visible owing to the thick soil cap, I believe the 
beds are faulted down into the old phyllitic and slatey rocks, 
to which I have given the name “ Kao-liang Series,” and which 
probably corresponds with the Chaung Magyi Series of the Northern 
Shan States.1 Immediately to the east, metamorphosed older 

1 Contribution! to the Geology of tho Province of YOnnan in Weetern China 1. The 
Bhamo TAng Yftoh area. Records, Qcol. 8urv. Ind., Vol. XL111, Pt. 3, p. 188. j fc , 
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Palaeozoic limestones oomo in, and continue down the steep canon - 
side of the Salween. 

The Ordovician and Silurian beds of this locality, crop out on 

a hill side to the west of the alluvium-filled 

Approximate Po»fflo£ v*lley, which forms part of the small Chinese 
Ut 24° 48'. Loaf. 9*° district of Shih-tien, & few miles to the south 

12 of Yung-ch’ang Fu, and west of the Salween. 
On the west they appear to be overlain by the older Palaeozoic 

metamorphosed limestones, identical in appearance with the Plateau 
Limestone of the Northern Shan States. Towards the cast they 
are covered by the alluvial deposits of the plain. 

The following succession was observed commencing from the top 
of the hill at an elevation of 6,750 feet:— 

1. Hard, light grey limestones, apparently unfbssiliferous. 

2. Red, earthy limestones and dark shaley limestones which 
contain the following fossils :—(K. 16. 300) 

IUcenus cf. Linnarssoni Holm. 

Orthoceras cf. tortum Angelim. 
Orthoceras cf. cemmune Wahlenberg. 
Orthoceras cf. scabridum Ang. 
Orthoceras sp. 

3. Over 70 feet of black fissile slates, which in the last 

16 feet become more sandy and lighter in colour. 

Horizons crowded with graptolite remains are found 
throughout the series though they are somewhat 
scarcer towards the top. The relations of the slates 

to the preceding series (2), arc obscure, but they are 

faulted against the next series (4). They contain :—(K. 
15. 301). 

Monograptus lobiferus M ’ Coy. 

Monograptus spinigerus ? 

Monograptus Bechi ? Barr. 

Monograptus tenuis ? Portl. 

Reiiolites perlatus Nich. 

CUmacograptus scalaris ? His. 

Mesograptus modtstus Lapw. 
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These show the age of the beds to be Llandovery. 

4. About 10 feet of greenish-grey, nodular marls, containing 
Orthooeras and crinoid stems, and weathering into hard, 
rounded fragments. 

5. Red marls with a roughened, nodular surface, containing 
Orthoceras and crinoid stems. Intercalated with them 
are thin greenish bands and lenticular beds of a light 
grey limestone, which are never more than six feet 
in thickness, and are not continuous over any great 
horizontal distance. They dip approximately west- 
north-west at 25°. From the greenish marls and 
associated limestones the following fossils were ob¬ 
tained (K. 15. 302.) 

Caryocystu bicompressa. bp. nov. 
Hdvocrxnus fiscdla Bather. 
Sphaeroms shxhtienensis sp. nov. 
Sinocyslis pxroides qen. et sp. nov. 
lUaenus caecoides sp. nov. 
Bellerophon (Sxnuxtes) cf. rugulosus Koken. 
Holopea sp. 
Trochoceras yunnanense sp. nov. 
TrocholiUs sp. 
Lituiles ? sp. 
Orthoceras cf. scabridum Ang. 
Orthoceras cf. regulars Schloth. 
Orthoceras 2 sp. ind. 

These rocks weather down into very small angular fragments, 
but when seen in clean, extended exposures are separated into 
large cuboidal masses by master joints. Their total thickness is 
about 360 feet, and lower down the dip appears to be in the 
other direction. From the weathered outcrops of these beds the 
following fossils were picked up, though it cannot be considered 
certain that some of them may not have rolled down the hillside 
from horizons further away. This is particularly so in the case of 
the specimen of Camarocnnus asiaticus which occurs in a different 
matrix (K. 16. 304). 

Hdioorinus fisoella Bather. 
Helioorinus subovalis sp. nov. 
Hdioorinus aualus Bather. 
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Ovocystis Mansuyi gen. et sp. nov. 
Echinosphosra sinensis sp. nov. 

Sinocystis Locxyi gen. et sp. nov. 
Sinocystis yunnanensis sp. nov. 
Sphceronis shihtienensis sp. nov. 
Camarocrinus asxaticus Reed 
Illcenus cf. Linnarssoni Holm. 
Calymene sp. 
Clitambonites sp. 

Endoceras cf. Wahlenbergi Foord. 
Endoceras aft. canceUatum Eichw. 
Orthoceras sp. 

6. A series of black, massive shales which contain lines of 
concretions and of which some 60 feet are visible, these 
have yielded :-(K. 15. 303.) 

Illcenus aff. Schmidti Nieszk. 
Lxchas cf. celorhin Ang. var. coniceps Eichw. 
Asaphus aff. Broggen Schmidt. 
Clitambonites cf. ascendens Pander. 
Orthis aff. Bocki Lamansky. 
Philhedra sp. 
Orthoceras cf. actuum Ang. 
Orthoceras sp. 

7. In the next 200 feet only poor exposures pi a decomposed 
igneous rock were found, rotten enough to render its 
true determination impossible, but, on the soil covered 
slopes loose blocks of grey, greyish-red, pink and reddish 
limestones are strewn about. Some of these are quite 
earthy while others have bands and gashes filled with 
calcite, and show the remains of cyBtideans on their 
weathered surfaces. 

8. Small scattered exposures of yellowish and yellowish white, 
soft, sandy shales with reddish bedding planes, which 
lower down contain chocolate coloured bands. They are 

so faulted and contorted that an estimation of their 
thickness is liable to be erroneous. They have yielded 
the following graptolites, and like the black shales 
found nearer the top of the hill, are believed to be of 
Uandovery age — (K. 15. 304.) 
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Monograptus sp. 
Diplograptus sp. 

9. A considerable thickness of unfoesiliferous, dark grey shales 
much bleached by exposure. 

10. Very decomposed* dark—grey igneous rock, with reddish- 
brown veins, and white patches marking the former 
position of felspar crystals. This continues down to 
the level alluvial deposits of the plain at an elevation 

Pftl-ma locality. 

of 5,120 feet. 

On the ascent to the south-east out of the small Pai-ma valley 
which lies 10 miles to the south of Shih-tien, 
I obtained Monograptws sp. from a series of 

black, micaceous slates but a prolonged search revealed no other 
fosails in these or any of the surrounding rocks. 

Mr. Cowper Reed is of the opinion that the fossils (K. 15. 303 
and K. 15. 300) from the dark shaley limestones of 
Shih-tien suggest the Vaginatenkalk of the Baltic 

Coaclatloas. 

provinces. 
“ The abundant cystideans and associated fossils marked K. 

15. 302, 304, 305 suggest a correlation with the Echinosphasrite 

limestone of Scandinavia and the Baltic provinces, and the occur¬ 
rence of species hitherto known only from the Sedaw Limestone 
and the similar mode of preservation probably indicate that this 
bed is to be correlated with it. While the whole facies of the 
Ordovician faunas is. European and especially allied to that of 
Scandinavia and the Baltic provinces, there is apparently a close 
connection in the development of the beds and the characters of 
the faunas with those of the Northern Shan States, and not with 
those of Eastern Yunnan/' described recently by Deprat and 

Mansuy.1 
The beds containing graptolites, which have a Birkhill facies, are 

of Silurian age. 

1 Etude G6ologiquo du Ytinnan Oriental. Mimoirts. Service Giol. Indo Chine. 
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Further Notes on the Species “ Camarocrinus 
Asiaticus ” from Burma, By F. R. Cowper Reed, 
M.A., F.G.S. ( With Plate 29.) 

SINCE the description of the species Camarocrinus asiaticus from the 

Nyaungbaw Beds of the Northern Shan States was published 

by the author in 1906,1 several palaeontologists have dealt with 

the characters and affinities of this remarkable genus. Tho general 

opinion appears to be that it is of tho nature of a float or the 

specialised root of a crinoid, but the question can hardly be re¬ 

garded as finally settled. Bather2 has discussed the relations of 

the representative of this genus discovered by Clement Reid in 

1906 in a lenticle of limestone at Catasuent Cove, Porthluney, 

Cornwall. Sardeson s has tried to trace its evolution from crinoidal 

root-structures, and Kirk 1 has more recently taken up the ques¬ 

tion in connection with eleutherozoic Pelmatozoa. The last men¬ 

tioned writer has expressed the opinion that “ it seems as firmly 

established as such a thing may well be that the bodies known 

as Camarocrinus or Lobolithus are the distal expansions of Scypho- 

crinusA supposed example of Catnarocrinus from stage Dd 2 

in Bohemia has been described by Fritsch5 as C. quartzitarum, 

but Kirk (op. cit.) regards this fossil as an inorganic concretion. 

The discovery of another fine specimen of C. asiaticus at the 

original locality, Yemeye, in the Nyaungbaw Beds, showing certain 

features not preserved in the previously known examples, allows 

us to amplify the specific description by the addition of several 

interesting and important details. 

This new specimen is somewhat weathered, but fairly perfect, 

and it has a depressed spheroidal shape, rather elliptical in outline, 

the flattening being probably mainly due to compression in the rock. 

One surface (the so-called “upper” surface) is quadrilobate, but 

the opposite “ basal, ” or stem-bearing side, shows a pentameral 

1 Rood, Lower Pal toot oic Fossils of the Northom Shan BUte*. Pal. Ind. N. 8., Vol. II, 
Mem. 3 (1906), p. 87, pi. VIII, fig*. 16. \(Sa—c. 

* Bather, Trans. Roy. Gtol. Hoc. Cornwall, Vol. XIII, 1907, pt. Ill, pp. 191—197. 
• Sardeion, Journ. Qtol., Chicago, Vol. XVI. 1908, p. 260. 
• Kirk, Proc. U. 8. Nat. Mus., Vol. 41 (1911), pp. 54—56. 
• |*ritaoh, MisctU. Palcez. I, 1907, p. 5. 
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arrangement of parts with bilateral symmetry. On this side there is 
a well preserved basal joint for the attachment of a stem, and from 

• it proceed five radiating divergent segmented cylindrical roots attached 

at their distal extremities only to the surface of the body. The 
basal joint of the stem does not seem to rest on the Burfaoe 

of the body but to be raised above it, the roots diverging down¬ 
wards to connect the stem with the body. The shape of ^he 
basal joint is that of a regular elongated pentagon, longer than 

wide, and it is wedged into the roots, just as Schuchert1 illus¬ 

trated and described in the American species C. Ulrichi. The 
wmftll pentagonal axial canal observed in the previously described 

example of C. aeiaticus is not visible in the new specimen owing 

to weathering and attrition of the joint. 
The five roots proceeding outwards nearly horizontally from the 

basal joint are jointed like the stem of a crinoid and have a regular 
radial arrangement, there being a single unpaired “ anterior ” root with 

two pairs of lateral roots. The unpaired root may be considered as 
anterior in position on the analogy of the ambulacral passages 

beneath the tegmen of the camerate crinoids. 
The angle of divergence between the paired roots differs, that 

between the two posterior laterals being rather more, than 90°, 

while that between the anterior and posterior lateral on each aide 
is only about 45°. The angle between the anterior lateral and 
the unpaired anterior root is about 75°. The posterior lateral roots 

may be regarded as embracing what corresponds to the anal interra- 

diuB* on the analogy of the calyx. 
All the roots bifurcate regularly once at an equal distance 

from the base of the stem, and the secondary branches thus 

formed diverge nearly at right angles. 
The roots are uniserial, the primary portion being composed 

of 3—4 shallow cylindrical joints of equal size with the diameter 
about twice the thickness of a joint; and the bifurcation takes 

place after the fourth joint. The secondary branches are smaller 

and shorter, being only about half or two-thirds the diameter 
of the primary root and consist of 2—3 segments. The ex¬ 
tremities of these secondary branches broaden out as the result 

of an incipient tertiary bifurcation, fusing immediately with the 
surface of the body, and these expanded terminations of the roots 

1 Sobachert, SmUhsonian M*uU. CoU., Vol. 47, No. 1432 (1904), pp. 253-272, text 
figure 44. 
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are in contact laterally, forming a ring , enclosing a sub-circular 
area and apparently elevated into a 11 collar/’ as Schuchert des¬ 

cribed and figured in C. XJlrichi. But this part of our specimen- 
is worn and weathered, so that only the base of the collar and 
its origin from the union of the distal expansions of the branches 
of the roots are traceable. Vestiges of the internal canals travers¬ 

ing the roots may be observed here and there. 

An interesting feature in this “ basal ” surface of the body 
is that it seems to be quinquelobate, while the “ upper ” surface 

is quadrilobate. The anterior unpaired root is directed along the 

middle line of one lobe of the surface and this lobe lies over 
the constriction or groove separating two of the lobes of the 
" upper ” surface. The primary literal roots are similarly directed . 
along the middle lines of the four other lobes on the stem- 

bearing surface. Pentameral symmetry of this basal surface was 
mentioned by Schuchert, but it is strange that the disposition 

of the four lobes on the “ upper ” surface should be independent 
and wanting in correspondence. In my previous description of 

C. astatic us the somewhat crushed and imperfect basal surface of 
the specimen then known was believed to be quadripartite, but probably 
it is typically in possession of pentameral symmetry. The imperfect 
state of preservation was likewise the cause of the statement that 

the stalk was situated on one of the lobes of the surface instead 
of being median in position. Schuchert (op. bit.) says that in 
C. XJlrichi the stalk is generally placed a little excentrically. It 

may here be remarked that the root which Schuchert terms in the 
species “ the high, most prominent root member ” corresponds 
apparently with the anterior unpaired root of C. asiaticus. With 

regard to the minute structure of the plates and test of this 
species there is nothing to be added to my previous description, 
except that on the stem-bearing surface the test is much thicker 

and thus agrees with Schuchert’a observation (op. cit., p. 267). 

The edges of the walls of some of the internal earner© can be 
distinguished where the test has been worn away, and their origin 
in the terminal bifurcation of the roots can be plainly seen, as 

Schuchert noticed in the case of other species. But for the deter¬ 
mination of the internal arrangement of th$ earner©, a scries of 

transverse sections through the body would be necessary. 

The dimensions of the above described new specimen of C. 

asiaticus are as follows Length 150 mm.; width 125 mm.; thickness 
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65—70 mm.; diameter of area surrounded by collar 40 mm.; length 
of basal joint of stem 12 mm.; width of ditto 9 mm. 

Finally, we may emphasise the close resemblance of this speoies 

to C. Ulrichi, and the marked basal development of the penta- 

meral symmetry. 

EXPLANATION OF PLATE *9. 

Camarocrinus asiaticus, Reed. 

Fra. 1.—Lower surface (nut. site), showing base of stem collar and pentamerous 
symmetry of root* and lobation. 

Fra. 2.—Upper surface of same specimen (x f), showing the four lobes, the 
position of the roots and collar on lower surfaoe being indioated by 
broken lines. 


